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PR EFACE

Biologica l Effecta :f .7onionizi~.j Electromagnetic Radiation
is a publ i ca t io n researched and prepared by the Fra nk l in
Inst itute Research Laboratories , Sc i ence I n for ma t ion
Serv i ces Department , under a contract with the U.S. Navy
and administered by the Office of Telecomun i cations Policy .

This d igest serves as a vehicle through wh i ch current
documentation of research highlig hts on the biolog i cal
effects and health imp lica tions of non i onizing electro-
magnetic radiation (microwave and radiofrequency radiation)
are comp i l e d , condensed , and dissem i nated on a regular
bas is .  Biolog ica l Effecta of Nonionizing Electromagnetic
Radiation is intended to be a highly useful current awareness
tool for sc i enti s ts engaged i n research or rela ted ac t i v i ti es.
The great number and divers i ty of relevant publica tions
make imperative the availability of this service to persons
whose work requires that they kee p abreas t of curre nt
develo pme nt s i n the f i e l d .

Biolog ica l Effecta of Nonionizing Electromagnetic Radiation
i s pub l i s h e d  quarterly. The issues of Volume II , and future
vol umes , w i l l  i nclude  mater i a l s  rece i ved d u r i n g the p reced ing
three months , Each issue will include news i tems and
an nou ncemen ts , a l isting of meetings and conferences ,
abstracts of current literature , and a directory of current
research , Materials for which full text is not available
will be i ncluded as summary abstracts .
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ABBREVIATIONS AND ACRONYMS

A , amp - ampere(s) n - nano--
A - angstrom(s) NBS - Nationa l Bureau of Standards
BRH - Bureau of Radiolog i cal Health NIH - Nationa l Institutes of Health
C - centigrade NSF - Nationa l Science Foundation
cm — centimeter(s) NIOSH - Nationa l Institute for
cps - cycles per second Occu pa ti onal Safe ty and Heal th
dB - decibel(s) NTIS - Nationa l Technical Information
EPA - Environmental Protection Agency Ser~ .ce
FDA - Food and Drug Administration Ge - oersted(s)
g — gram(s) OSHA - Occupat ional Safety and Health
G - Gauss Administration
GHz - g igahertz OTP - Office of Teiecomunicat ions
HEW - Health , Education , and Wel fa re  Pol i cy
hr  - hou r PHS - Publ i c Heal th Se rv i ce
liz - he rt z rad - rad i a t ion absorbed dose
IEEE — Institute of Electronic and R — roentgen(s)

Elec tr i c a l  Eng i neers r pm - revolu t ions per m i nut e
IMP I - International Microwave Power sec - second(s)

I nstitute USAFSAM - U.S. Air Force School of
IU - international unit(s) Aerospace Medicine
J - joule(s) USDA - U.S. Department of Agriculture
k - kilo-- UV - ultraviolet

— liter(s) V — volt(s)
m - meter(s) VA - Veterans Administration
m — m i l l i — —  W — watt(s)
M - mega-- Wb - Weber(s)
mho - unit of measurement of WHO - World Health Organization

conductivity wk - week(s)
mm - minute(s) wt - weight
mc - month(s) yr - year(s)

- micro--

v i i
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NEWS ITEMS

TRANS IT SYSTEM GENERATES MAGNETIC FIELDS or .aIni~ in the produc t ot tf~ f i sis i temp eratur e
for a longer period uS ti me i~ Else ~~i~~r Owave ovvii . ”
(i 1j 0 &.fos ’e c ’~ A ~~~~~ ~psd ~ ~s. y~m. ‘.: p~’ $-Sd I ,

Underground trains in San Francisco have been found 
~~y/J~~~ ~~~to generate magnet ic fields that arc 1 .000 tI.ei

stronger than the natura l background and may hove
long-term effects in people, points out the Stan-
ford Un i versity researcher who discovered the
phenomenon. Anthony Fraser-Smith of the Stanford SENATE CO~~~ITT(t INVISTIGATIS
Radloscience Laboratory explains that San Franc is- REPORTED MIceOWAVE SWINS
co’s new Bert system , as we ll as other rap id t ran ’. i L
systems , are really a set of vary ing .urr ent loops
that can generate a vertica l ultra-low—frequency The United State s  Senate Cs~~ erC* C~~~i t t e e  I S
magnetic field at frequencies below 0.3 Hz. Invest igating burns repo r~ sdly ~ust.ined by IwoBecause a t ra in  asay draw up to 7 n*I at 1 ,000 V waitresses while heatIng food in a microwave oven .
direct current , the current can be as large as The woawn reported feeling tingling sensatiom~
7,000 amp , resulting in a huge magnetic fie ld, when they took food fro. the ov,•~ and later cape-
Fraser—Smith explains that iThe human body Is an rienced pain , swel ling, and discolorat Ion In the
electrically conducting fluid--Just a bi g sack of hands. A burn specialist who e*.ained the women
salty water. A fluctuating magnetic field in a said he observed .bnormall t ies n the injurist
conducting fluid sets up electric currents.” unl ike any other burns , and he assumes the burnS
Furthermore , cells have their own elect ric field were caused by microwave energy. However, a spok i-
that would be affected by a vary ing electromagnetic man for the oven manufacturer mainta ins that the
f i e ld .  There i s a danger , Fraser-Smith argues, oven is safe and suggests that the women may have
that the large electromagnetic signals now being burned themselves by touching food that had been
added to our environment may generate Currents in 

~~~ted In the ovens. The manufacturer’s d ai, is
the body, which have long—term disrupti ve effects, supported by the Bureau of Radiolog ical Health .
“No one monitors our total exposure to electro- which was unable to find any fault in the oven
magnetic fields (of all frequencies) and it is  involved .
conceivable that the Bart signals , al though probabl y 

~~
,, Yorlc ~‘j i.u August 9, 1977.

harmless themselves, may increase the po ssibility
of har m from other e lec tromagne ti c s i gnals.

hew Scientiat 75(1064) : 358—359; 1977.

MICROWAVE POWE R SYMPOSIUM ANNOUNCED

MICROWAVES LESS EFFECTIVE THAN CONVENTIONAL HEATING The international Microwave Power Institute ’s
FOR MICROBIOLOGIC DESTRUCTION 13th Annual Microwave Power Symposium wi ll be

held at the Chateau Laurier Hotel in Ottawa,
Ontario , Canada on June 27-30, 1978. The sym-

Both conventional hig h- and l ow-temperature oven posium will include technical sessions as well
cooking were found to be more effective than micro- as a short course on microwave power. Origina l
wave cooking in the destruction of microorganisms and review papers related to the biolog ic effects
usually present in meat in studies performed at of microwaves are being solicited. Dr . Stan
the Department of Animal Science of Ohio State Stuchi’,, recentl y appointed ed i tor of the Journal
University. Researchers inoculated selected strains Microwave , will serve as the 1978 Sym
of m icroorga n i s ms i nto u asceptic u beef muscle posium Chairman.
tissue and subjected patties of the inoculated MEAN 10(3): 14-16; 1977
and incubated beef to different temperature treat-
ments in a conventional or in a microwave oven.
Microwave heating to the same endpoint interna l
temperature was found to be less effective for
microbiolog ic destruction than conventional heating. BRH APPROVES MICROWAVE OVEN CORRECTIVE ACTION PLAN

The low thermal destruction with microwave heating
is explained by the quick r ise in temperature in
this process, implying that microorganisms are The Bureau of Radiological Health has approved
exposed to the lethal temperature for a shorter corrective action p lans submitted by Sears Roebuck
period of time than in conventional cookery. Also , and Company for microwave oven , model 564.9927710,
temperature is more un i formly distributed through— manufactured by Sanyo. The ovens were declared in
out the food In microwave cooking than in oven noncomp flance when inspection tests revealed that
cooking so surface temperature does not exceed some were l eaking microwave radiation in excess of
internal temperature as much as In conventionally the limit specified by the standard. Of the 7,000
cooked food. I t is advised that “in order to ovens manufactured , 504 were shipped to Sears stores ,
achieve the same microbiolog i cal safety as w i t h  and it is  estimated that no more than 50 unIts were
traditiona lly cooked samples , it will be necessary so ld. The correction plan ca l l s  for Sears personnel
to increase the final internal cooking temperature to reinforce the seam of the waveguide and cavity
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by mounting screws , nuts , ond washe rs in thc etis t - wearing magnetic and those —earing placebo brace let s
Ing holes In the n)a9nesron support p l ate  and the we rC re~ e aIed .
seam of the waveguIde and cavity, appl y a chemical ~~~~ J ’ ,~et 1(1027): 47; 1977
compound on the screws and nutS tO secure them per-
manentl y, and appl y an adhesive aluminum strip over
the welds on the seam between the Iwo hole s, Fol-
low i ng mo dification , leakage rcJs ure ,enLs will be
made, and each modified oven w i ll be stamped with UTAH U N t V L R S I V Y  INSTALI.S MICROWAVE SPECTRAL
the letter “0” on the name plate locate d on the MEASUREMENT SYSTEM
back of the oven.

BAN 9t~ZZe~ in 1 1 ( 1 7 ) : 4 ; 1977
A solid S tC t c computsr controlicd system for
swspt fr equency measurements of the absorpt ion
spectra of biol ogic speci mens over the frequency
band 26.5-90 CHz has been i n s tal le d at the Uni-

NEW YORK COMMISSION REPORTS BIOEFFECTS OF ver sity of Utah , Salt Lake City. The comp letel y
HIGH.VOLTAGE TRANSMISSIOtI LINES automated ;ystem with an on-line x-y plotter

has been as~~~~i.d for use on the N.t onCI Cincer
Institute-sponsored grant , “Effects of e llime ter

The New York State Public Service Comsissslon waves on livi n g tissue. ”
(Psc), in the latest stage of a continuing health Vtah Bic a~ i’~..ri n~, N._ is lat t.r 5(5) : 1977
and safety controversy over upstate pnwer lines ,
has reported that chronic exposure to 765,000-
vol t electr i c- t r ansm ss ion l ines “p robabl y would
cause biolog i cal effects In humans.” Citi ng
l aboratory tests that showed that electrical field s MICROWAVE ENZYME INACTIVATOR TO SE DEVELOPED
around ultra-high-voltage lines affect animals ,
the PSC called for additional research , to be
directly controlled by the conan ssion , to ‘dc— A pilot Stud y is being in it iated at the Un i , c r Sity

termine whether the proposed transmission lines of Utah , Salt Lake City, t o  develop a microwave

actuall y cause specific biological effects under applicator for uniform nactivation of enzymes

various conditions of exposure that are expected in rat brains. The project , headed by Drs. Dlckm.n ,

during operation of these lines .’ The report Gandhi , m d  Grosser is funded by the Un i ver sity

did not specify the biologic effects. U n t i l  Research Coartittee.

the research is comp leted , the PSC said the Utah Bio,~’ ’ : ~.r~’~: NeweZ.ptter 5(5?: 1977
public would be adequately protected against
undue exposure to electrical and magnetic fields
by a protective zone 500-feet wide under the lines.

New York Time e September 18, 1977

STUDY REFUTES ANALGESIC PROPERTIES OF MAGNETS ITEMS FROM THE COMMERCE BUSINESS DAILY

Despite clinical claims and popular interest ,
the alleged anal gesic propert ies of magnets have 0 LOW POwER MICROWAVE EFFECTS RESEARCH.
not been ri gorously tested. However , researchers
at the Department of Psychiatry and Psychology
of the University of Manitoba , Canada recentl y
assessed the pain thresholds of peop le wearing Th e Off i ce of Naval Researc h , Ar lington , Virg inia
a magnetic bracelet with claime d anal gesic prop— has contracted with the University of Utah , Salt
ertles (Aimante , model CS—5). Pain thresholds Lake City for the above study. (June 29, 1977)
were assessed on the back of the hand of 36 healthy
volunteers us i ng a radiant-heat apparatus. Each
volunteer acted as his or her own control , being
tested fIy~ time both w !th and without a bracelet ;
the hand being tested and the bracelet/no bracelet 0 BIOLOGICAL EFFECTS OF RADIATION.order of testing were counterbalances. One—half
of the volunteers wore an indistingu isab le placebo
bracelet 5 mm before and during bracelet testing,
while the remaining volunteers wore the magnetic The U.S. Energy Research and Development Adm in—
bracelet for the same duration. Neither volunteer istration , Argonne , Ill Ino i s has contracted with
nor observer knew at the time of testing whether Case Western Reserve Univers i ty, Cl eveland ,
the bracelet was magnetic. No significant dif- Ohio for the above mut i-d isc ip l Inc approach study.
ferences in pain thresholds between the volunteers (September 19, 1977 )

2 
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NON IONIZING RADIATION EUROPE AN HIGI ILIIiIIIS

1~ 
PjoI 0. ~evoC Mmwa.a~g lAir, I,,,

The. FnrM j’, Inlncofr , GmbH MuIl,eh. te.dv .IS Hrpubhr ot ~~~

In Europe . the research act i vi t ie s surrounding was he ld in Novtra~ ri - (astern (ur~q ran repre .~~1
the biologIcal effects of non-Ioni:inq rodi,,t%on atives . Inc l ud ing l I e  USSR . also t .articipatcd in
(NIR) are somewhat unsettled. Since nationa l star,d- the meeting . In 1978. a ~maIl ~lO working qrou~i
ards do not exist , European-w i de exposure limit ., of speciul i’.ts ,,il l meet t., . i.,l uaie the need f .
can not be established. Furthe r , the Impetus for heah~ regulations and s.il ’-sy standards I o,’ .ur~,rs
establishing such standards has not come from the In in stitut Ion s using ,ilcr”wave (v~’fl5.
studies of the Corseission of the European Cor-tnun it~ Dr. Seuss emphasizes t h. I the i~ O-NI P program
( CE C , the European Economic Couv.unlty ’s research depends r... l y upon co.iributlon s from many nation-
arm) tha t are presently undergoIng review in Luxein- al experts , and he encouraqes unsol icited coer- mica-
bourg and whose publication date is uncertain. tions from the r,edical and scientl ’Ic comeunity
The individual European Economic Cc.munity (EEC) on subjects ~ cg,m~ n Int vr ,ss , For examp le , a
member nations Inc l uding Bel gium , ‘,t~n~ jrk , Federa l pressing prob l em f r NIR studIes is the nece~.s i t ,
Republic of Germany. France . Ireland , Italy, Luxem— of standardizing the nomenclature used i~ des rib e
bourg , the Netherland s , and the United Kingdom are effect’, and organis, response ss we ll as terminology.
taking a wa i t-and-see attitude to avoid altering techniques , and cr it ’ ria used by different countrie s .
nationa l standards to meet eventua l European-wide WHO is In the process of producing a glossary of
agreements. term s and Is seeking interna ti r.al standardization

Accord i ng to Or , F. Kossi , Director of the of t’ rmlno loqy and defini tions through cooperation
German Health Ministry ’s Medical Radiation Tech— with reference cent~ r . and/or nationa l crniniz .jtion~ .nology and Radiation Protection Inst itute , Germany Certain event ’., indicates Dr . Seuss . have
is reluctant to establish exposure limits and served to confound ir .urna tional progress in Nit
product performance standards that may require problems . The WHO has concluded studies concerning
re—eva l uation in light of EEC guidelines. And , the suggestion t h o~ there was a correlation between
Dr. Hans Eri skat , Director of the CEC Health the incidence of cardiovascular problems and the
Protection Directorate ’s division for EEC standards , exposure to radar radiat ion in northern Finland
studies, and regulations indicates tha t the picture (Karelia) . It was shown that the Incidence of such
is not brig ht for rap idl y establishing these guide- disorders exlst ’ l in this reg ion for at least 30
lines. The problem , exp lains Dr. Eriskat , is one years prior to radiati on exposure. Over—reaction
of coordinating the nationa l requirements and to suspected cases of NIR-Induced disorders has
finding a workable mkldle ground. Since many the effect , Seuss exp lains , of creating doubt
national agencies have no clear pos ition . Dr. En s— about the rea l dangers surrounding exposure to NIR.
kat finds himself with the difficult task of find- Along the same lines . at’. Kosal refers to a
log the mid-point for a situation without well- Study conducted by the Un i v cr.ity of Ulm , just
defined boundaries. He hopes, however, that the southeast of Stuttgart , which investi gated reports
CEC studies on laser and microwave radiation can of cardiac pacemaker Irregularit ies in hosp ital
be published in late 1977 and that 1978 will find patients near the city of Bremen , Germany. The
the European co’miunity in some agreement. upper floors of the hosp ita l were exposed to radar

In spite of these difficulties, research from a nearby airport. Exhaustive investi gations
studies In the field have begun to receive increased revealed tha t no pacemaker irregularity could be
financial support. Dr. Michael Seuss , Regiona l traced to radar exposure . In fact , certain hospital
Environmental Pollution Control Officer for the practices were considered the more likel y causes
World Health Organization ’s (WHO) office in Copen- of the problem.
hagen , which coord i nates all WHO activities for Regard i ng WHO NIR prior i ties , Dr Seuss conclu’les
NIR problems , reports that an International Radia- that emp hasis mu St be placed upon st~~ es that generate
tion Protection Association (IRPA)-WHO meeting for information on 4lR biolog i cal effect mon itoring to form

develop ing a joint program in NIR research support a foundation for coord i nating European research,
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MEETINGS AND CONFERENCES

IAEA IN TERNA TIONA L SYMPOSIUM ON NATIONAL ANO i1~~~~~ata fIn’ ‘ .seti~m: II . N. Schulj, ADNA ,
INTE RNAT IONA L STANDA RD•ZAT ION OF RAO IATION OO5IMITRY 150 ~ Wac ke r Dr ive . Chic.go. it. 6%06

- t r ~: December 5-7. 1 977
At lant .., GA FEDEMATION OF AME RICAN SOCflhIt $ FOR IXPERI

Spon a.z’: Internatio nal At o mic Energy Agency MEN TAL SIOLOGY A*mew Mwe rq

pe pe’u ta f~’r Infnse j olt : John II. Kane , Spec i a I
Ass ’t. for Conferences , Office Public Affairs .
ERDA . Washington , DC 20545 Dat,: April 9-14 , 1978

~ ‘~~: Atlantic Cit y , NJ
~~~ - - . ‘Jcr: FAS( P
h..’qts.iate for’ !i,f. “-..~t : .  ‘.: M r s .  H . S. tent ,

INTERNATIONAL UNION OF RADIO SCIENCE U- S NATIONA L FAS EB . O f f i c e  Science Meetings . 9650 RoeS-
CONMITTEE IURSI-USNC) y u le P ike , Bethesda , MD 20014

Date: January 9-13, 1 978
Place : Bou lder • Co THIRD INTERNATIO NAL SYMPOSIUM ON THE NAT URAL

RADIATIO N ENVIRONMENT INR( liiiSponsor: URS1-USNC
Requsete for Information: S. W. Haley 6 J. R.
Wa i t , Dept. Elec t r i ca l  Eng i neering , Univ.
Colorado , Boulder , CO 80309 ~~~~~~~~ Ap ril 23-28 , 1978

Place: Houston , Texas
Sponsor: U n i v . Texas 6 Energy Research and
Development Admin .

VIII INTERNATIONAL CONFERENCE OF PREVENTIVE R.qua.ts for 1’:f “na t ic., Thomas F. Gesal I ,
AND SOCIAL MEDICINE Univ. Texas Hea l th  Sc ience Center at Houston ,

Schoo l of Public Health , P0 Box 20186, Houston ,
TX 77025 or Wayne H. Lowder and Jame s F .
Mc Laughlin , ERDA Health & Safety Lab., 376Date: March 27-31 , 1 977 Hudson St . , New York , NY 100 14Place: Mexico C i t y ,  Mexico: National Medical

Center
Sponsor: internationa l Federation for Hyg iene ,
Preventive Medicine , 6 Social Medicine INTERNATIONAL MAGNETIcS CONFERENCE (INTERMAGIRequeate for Information: Dr. P. R . Lau n iola ,
II , via Cola de Rienzo , 001 92 Rome , Ita ly

Date: May 9-12 , 1978
Plac e : Florence , Ital y

ELEC1’ROMAGNETIC COMPATIBILITY CONFERENCE 3 ’maoi~ Inst. Electrical 6 Electronic
Eng ineers (Na g Gp) tint) Italian Physics
Society, Italian Assoc. Electrical 6 Electronic s
Eng i neers (AE1)

Date: April 4-7, 1 978 Requeets f~tr Information: .1. Suozzl , Bel l
PZace: Gulldford , UK: Univ. Surrey Telephone Lab., Whippany, NJ 07981
Sponsor: Inst. Electronic & Radio Engineers
[UK], Inst. Electrical 6 Electronic Eng ineers
(UK), Inst. Electrical 6 Electronics Engineers INTERNATIONAL MICROWAVE SYMPOSIUM
(Intl. Inst. Quality Assurance (UK), Inst.
Marine Engineers (UK] , Royal Aeronautical
Soci ety (UK] Date: May 15-17, 1 978
Requeete for Information: P. H . Ell i ott , Place: Ottawa , Canada
I E R E , Conference Services , 345 East 47th Sponaor: Inst. Electrical 6 ElectronI c
St . ,  New York , NY 10017 Eng ineers (Microwave Theory Techni que Group)

Reqi4eats for Information: A. L. Van Koughnett
Conrtunications Research Center , Box 11490,
Station “H”, Ottawa , Ontario , Canada K2G 8S2

AMERICAN OCCUPATIONAL HEALTH CONFERENCE

MICROWAVE POWER SYMPOSIUM

Date: Apr i l  9-14 , 1 978
Place: New Orlean ., LA: Fa i rmont Date: May 17-1 9, 1978
Sponsor: Am erican Occupational Medical Assoc., Place : Ottawa , Canada : Univ. Ottawa
American Assoc. Occupational Health Nurses Sponsor: internatIonal Microwave Power Inst.

5
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~~~~~ sit ll., -F~ t.I N ..—’.~..q ~ ~.MEETING AND CONFERENCES Rmaasl~~~~ ii1 I. th... ’.b.~ IS/I

R.~~,. j~~~: •‘ös. .mfom’e:~ i~.m: Dr .  V . S. 1inqa ,
IMP I , Ed mo nton , Canada 1 5.) 2W/

INSTITUT E OF ELECTRICAL AND ELECTRON ICS
ENGINEERS ANNUAL CONVENTION ISSICIHO )S~

i~zt. : May 23-25. 1 978
i!~~~~: Boston , MA: Sheraton Bost~ ’ 6 Hyne~
Aud it o r i tax

‘:jor: I n s t .  E lec t r I ca l  & E lec t ron ic  En gi nee rs .
E l e c t r o n i c  Reps . A~soc.
Requects r rn~ “iatio ’~: V. C. Weba r , Jr.
C/O IEEE B(, ’ ,tun O f f i c e . 3 1 Channing S t . ,
Newton , MA 02 1 58

CONFERENCE ON PRECISION ELECTROMAGNETIC
MEASUREMENTS

Date: June 26-29, 1 978
F .  ,

~~: Ottawa , Canada
.ponc~rr: I ns t .  E l ec t r i ca l  6 Electro ni c
Engineers (IM), National Bureau Standards ,
International Union Radio Science (US Nat ’l
Con~nlt tee)
Requesta for Information: A. F. Dunn , National
Research Council , Montreal Road , Ottawa ,
Ontario , Canada
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CURRENT RESEARCH

0179 BIOPSYCHOLOGICAI. STUDIES OF MICROWA vE 50 IVI:, 915 25 *I~ ) and two-gs.x.rr ran~ u5. lu
IRRADIATION . Justesen , D. S.; Sher Jj,~ determIne eapOsure l*veI5 t hat  do sod do not r e s u l t

C. 1.; Lev inson , 0. H. (U.S. Veterart~ Admin. Htss p. • in e”tryopathy . chronic exposure of pregnani r a t S
4801 Llnwood Blvd., Kansas City, MO 64128) . at low dose leve I~ o f m ic rowa ve i r ro i i a t ian dur ing

pregn ancy, durIng thy Im plan t .r  lam period , duri ng
StudIes of Pavlovian cond ition ing of mIcrowave- the organoge nic peri od , and during the fe(at t~erlOdinduce d hyperther m ia i n  rats are being performed . will be determined. The specific obJectives are
Both irradiated rats and controls (uncondi t ion *d to determine : (a) possibl e inc reases in rate s  o i
st imulus (US I equa ls e l e c t r i c a l  shock) demonstrated eabryo t o x i c i t y  or abnorma l of fspr Ing and how the
a generalized conditional hypertherinia (co lonic threshold dose may vary w i th  d I l l .- . ent t~~~.S r~f

temperature approx i mately 39 C) that was resistant microw ave exposure and dlffereut eabryo~at t e~.;to extinction. The conditioned response was not (b) whether the reproductive pe r for~~. c i ’ follow ing
discriminative to the acoustic conditioned stimulus In utero or adult exposure is a sensitive mes~~.~r,-
(CS); a persistent state of hyperarousal occurred of microw ave exposure; (c) whether the centra l
after a few pairings of US and CS that was accom— nervous system will manu fe ., t  funct ional or archi—
panied by a rise of body temperature. Studies of tectur jl a l t e r n a t i n . s  foll owing in ut e r i ,  mi crowave
guinea pigs with I ndwell Ing electrodes and thermal irradiation ; and (d) a comparison between Else
sensors in the brain have revealed tha t anima ls threshold sens i tiv ity of behavioral changes w i t h
with microwave-Induced rises of temperature to 43C observable anatomIc or histologic changes In the
exhibit changes of conduction velocity of primary embryo. ~./77~5/78)afferent nerves. v~ c i t y ,  as Indexed by latency-
to-peak of the Nl component of the visuall y-evoked Supporting Agency H(W. PHS , NIH , N at l . Inst. Invi-
response , first Increases and then decreases as a ronmeotal Heal’h Sciences
function of inc reas I ng temperature. (6/77-5/78)

Supporting Agency:U.S. Veterans Adm ln., Dept.
Medicine & Surgery. 01 82 MICRO W AVE IRRADIATION OF BRAIN THROUGH

CRANIOPLA STY . Sutton , C. K. (Univ Mi am i ,
Sch. MedicIne , 1400 N V 10th A v e . ,  Mia m i , Fl. 33 174 ) .

0180 EFFECTS OF CHRONIC EXPOSURE TO MICROWAVE This project is part of a broader program that
ON SQUIRREL MONKEYS. Kaplan , J . (Stan- supports the C omprehens ive Cancer Center for the

ford Res. I ns t . ,  333 Ravenswood Ave . .  Menlo Park , S ta te  of F lo r ida  as a multi-discipl inary cancer
CA 94025) . center .  The center ’ s par t i c i pants  are involved

In c l i n i c a l  and basic  cancer research , cancer educ&-
Pregnant squirrel monkeys and their offspring are tion at a l l  leve ls , and in tensive coeri un it y  outreach
being exposed to microwave radiat ion in a cavi ty-  programs throughout Florida . Cooperative programs
cage module for varying period s of time to deter- have been establ i shed w i t h  the s ta te ’ s other univer-
mine po ssib le deleterious ef fec ts  on p hys io log ic s i t i e s , the American Cancer Soc ie ty ,  and HEW . The
and behavioral function . The length of exp osure over a l l  ob jec t i ves  of t h i s  program are i’ estab—
ranges from 5.5 wk in the case of pregnant animals lishm ent of a core of exce l lence in cancer research
to approximatel y 16 me in the case of monkeys for the S t a t e  of F lor ida and the development of
exposed both in utero and postpartum . Groups of interrelationships with other cancer-directed
animals  rece i ve ei ther 0 . 1 , 1 .0 , or 10.0 n&1/cm 2 In teres ts  In the State (and nation) . (6/76-5/77)
radiat ion 3 hr/day, 5 days/ wk . Physiologic para-
meters under inves t iga t ion  include cardiac fun c- Supp o rting Agenc y:H (W , P145, NIH , MCI
t ion as determined by electroencepha l ogram , and
s t ress  as reflected by urinary catecho l amine output.
Behavioral studies include tests of learning
ability , activity level , and patterns of reflex 0183 NAVY ENVIRONMENT : EFFECTS OF MICROWAVE
development. (1/77—12/77) RADIATION ON CELLS IN TISSUE CULTURE .

Chen , K. C.; Tay lor , J. D. (Wayne State UnIv., Sch.
Supporting Agency:EPA , Office of Res. & Development Liberal Arts , 4841 Cass Ave ., Detroit , M l  48202).

The complete understanding of the consequence of
microwave exposure (as from navy radar) requires

0181 PRE— AND POSTNATAL EFFECTS OF MICROWAVE an understandin g of the interactive mechanisms
I R R A D I A T I O N .  Jens h , R. P.; Weinberg , I.; that occur at the cellular and subce llular level.

Brent , R. 1.; Vogel , W. H. (Thomas Jefferson Univ. . This research wi l l attempt to elucidate the mechanisms
Sch. Medicine , 1025 Walnut St., Philadelp hia , PA that occur in human (and other) cells In culture
19107). followIng nonthe rma l microwave irradiation . The

biol ogic activity of microwave-exposed transforming
The overall objectives of this project are to DNA on recipien t bacteria will be investi gated.
determine dosage and monitoring procedures throug h Thc :elree of biol ogic damage attributable to the
refinement of techniques and Instrumentation of nr n.,rrna l factor will be measured on the basis of
microwave Irradiation and by measuring modulated the relative frequencies of transformation . The
and pulsed transmission of two-frequency (2,450 ± change in the surface structure of cells i nduced

7
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by m icrowaves w i l l  be exaniirw d In terms of their  made w i th  the animals anesth et ized w i th  ~odiue
react ions to various concen t ra t ions  of the carboliy- pe ntabarbita l.  C l in ica l e.~aninatIon of the antv r i o r
vJ r . i te—b i nd ing protein, cuncanava lln A. ChInese se~~ ent w i l l  be made w i t h  a p ho to s l i t  l amp so
hamst er ce l ls  w i l l  be used. Cel l  s p e c i f i c  responses tha t changes may be recurded phi i to irj p h i c w ll y .
to m icrowave damage w i l l  be examined on human and Anter Ior  segment anglograms w i l l  be made ¶~~ as~.ess
animal cel l  lines. Cyto tox ic i ty  w il l be mea,ured any change In cap i l la ry  de ta i l  or func t ion. P05-
h~ eva lua t Ing t h~ clon lnq c a pa b I l i t y  of exposed te n or segment •-v jmi nat ior i r, w i l l  a lso hr conducted
~nd unexposed ce l l s .  (10/76-9/77) w i t h  d I rec t  and Indirect ophthalnoscopes and fu ndu s

camera. Photographs of the fundus as w e l l  as
Support ing Agency~ u.S.  Dep. Def avy f luo ,r-sc ~~in ang iograms uf the fundu’. w i ll be made .

Nlstopatho logic evaluations w i l l  be made when the
lens changes have progressed to the stage of

0184 BIOLO GIC RESPONSES TO A C~4R~ ~ iC MICROWAVE obscurIng the fundus . At th i s  point , the an imals
ENVIRONMENT . t.ebovltz , R . M . ;  Seaman , w i l l  be sac r i f i ced  and ocular t iss ues w i l l  be co l-

R. .; Cut erma r . 1. (Univ . Texa s Sct’, . MedIcine , lec ted f c ,r histologic examination . Glutaraldeh y-
5323 ‘ta rry Hines Blvd . ,  Dal las , TX 75230). deformalln mixture will be used for f ix a t i o n  and

whole eye sect ions w i l l  be Cut and sta ined u t i l I zi n g
As microwave energy becomes Increasing l y present in standard li ght and e lec t ron  microscopy. ( 10/76-
our environment , an unmonltored population is placed 9/77)
at r i sk  even thoug h there Is an insuf f Ic ient  body of
data regar ding the bio logic e f fe c t  of such exposure. Supp o rting A g en c y : U.S.  Dep. Del., A i r  Force
The bas ic  aim of th is project w i l l  be to determine
the effects of a long-term (4 no exposure to micro-
wave radiation (MwR) at low incident power densit ies. 0186 ELECTROMAGNETIC BLOOD WARMING . Sii v a ,
The behaviora l effects of administrativel y safe J. (U.S. Navy , Human Factors Techno l ogy
141R ( i . e . ,  less than 10 mW/cir? incident Power D lv . ,  San Diego , CA 92152).
densi ty)  w i l l  be examined . Data w i l l  be obtained
from several behavioral var iab les , and a dose/ The feas i bIlity of us ing electromagnetic energy
response curve over the range of 0—20 n*4/cm2 w ill to thaw frozen blood products for clinical use
be defined . The chronic PeR environment will in the Navy will be determined. Literature .comprise individual radio frequency chambers Into materials , and products re l evant to existing
which control and experimental animals w i l l  be methods for thawing forzen blood products w i l l
indiv idual ly  introduced for 3-4 hr of whole body be reviewed , and the problems associated bn i t h
MWR exposure/day. Pulse-modulated PeR at 1.3 0Hz these processes ident i f ied.  An a l ternat ive method
will be used. In the first part if the study, the using electromagnetic heating will be developed
effects of 0, 2, 5, 10 . and 20 n*d/cm2 P~ R on open over a 3-yr period . The use of energy at dif-
field behavior and on instrumental behavior for ferent frequencies from approximatel y 30 141z
food reward will be determined in rats. Besides to approximatel y 3,000 IaIz will be explored to
the 0 e*&fcm2 group, additional control groups will determine the optimum wavelength for this ap-
be exposed to a mild thermal and acoustic stres5 . plication . Initial tests will be performed using
In the second part of the study, the changes in materials wi th dielectric properties similar to
instrumental behavior relevant to learning will those of frozen blood . Heat transfer properties
be determined and extrapolated to humans. Again , and temperature elevation pro files , as a function
dose/response curve will be defined , via radiation of frequency and energy level , will be determ i ned.
at 5, 10 , and 20 n*1/cm2 with dua l control groups. Subsequentl y, tests usIng real frozen blood products
These studies will provide needed data regard i ng will be performed. Finally a test protocol for
the origin of chronic low level Pf’AR effects on handling electromagnetically thawed blood will
cognitive behavior and learning. (5/77-4/78) be prepared and followed to establish the value

of the method of heating as a means of restoring
Supporting Agency:HEW , P145, FDA frozen flood to its clinicall y useful form.

(10/76-9/77)

0185 ELECTROMAGNETIC RADIATION INDUCED LENS Supporting Agency:U.S. Dep. Del., Navy
CHANGES. Bonney, C. H.; Shacklet t , 0.

(U.S. A i r  Force , Sch. Aerospace Medicine , Brooks
Air Force Base , San Antonio , TX 78235) .

0187 DETECTION , SURVIVAL AND CONTROL OF
Cataracts from a variety of causes will be studied PLANT PATHOGENIC BACTERIA ON SEEDS
and compared with cataracts produced by microwave AND PLANT PROPAGATIVE MATERIAL. Rie s , S. M.
energy to determine If a microwave cataract deve lops (Un iv. I l l i n o i s , Agricul ture Experl ment S ta t ion ,
in a manner clinically distinct from cataracts Urbana , IL 61801).
produced by other causes. Rabbits , dogs , cats , and
rhesus monkeys will  be irradiated with ionizing The effect of microwave irradiation on pathogen
radiation , non ionizing radiation , and a nonradla- survival in infested seed and propagative p lant
tion source. Fifteen anima ls of each species wi ll parts will be investigated. Several phytobacte—
be utilized for each etiology. In all treatments rial diseases overseason In infected p lant parts ,
the left eye w i l l  be exposured , and the right eye frequently In seeds. Hot water dips , prolonged
will serve as a control. All exposures will be storage , or p e s t i c i d e  t reatments of infected seeds
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have been moderatel y successful in reducing path- e f f o c t s  to be stud i ed Include : (a) the dependence
ogen numbers In seed sources , but these methods of thrc an bu s -fo rnw t lon time in prp and wb on field
are expensive , t ime consuming , and i nvo l ve pes- strength and rate-of-shear , and (b) the dependence
ticide usage . The app lication of microwave heat , of thrombus structure in wb and prp on field
a physical t reatment , would be extremely quick strength and rate-of-shear. The reduced sedlmenta-
and very inexpensive. P~eudcrmionaa giycine z, Lion of erythrocytes in whole blood or sing le
infested soybean seed , will be the model for these protein solutions in a tra,~~vrrse field will be
studies. P. gl9o’inea is seed-borne In all soy- examined theoreticall y aid experimentally to Idea—
bean cultivar s . Although probably present In a ti f y orientation effects. Solution s of sing le
hypoblotic state , there may be a moisture differ- blood protein, wil l  be exam i ned using the opt ical
ential between the moisture content of the seed technique s of spectrophotometry . spectropolar lmetry,
and the bacterium . ThIs moisture differential and birefringence to quantif y their or i entation in
w i ll be exploited by irradiating with microwaves , a transverse magnetic field. (6/77-5/78)
selective death of the pathogen should occur
before seed death , if the pathogen has a hi gher Supporting Agency:HEW , PHS, NIH . N~t l. Heart Lung
moisture content than the seed. Infected seed & Blood Inst.
will be adjusted to a selected moisture content ,
irradiated for varyIng periods , and assa’,ed fo r
germ inab il ity and for P. glycinea. Prelim inary
evidence suggests that soybean seed at 6% moisture 0190 CUMULATI VE TERATOGENESIS FROM LOU LEVEL
can be irradiated for 2 mm with a complete destruc- MICROWAVES. Rosenbaum , F. J. (Washington
tion of P. glycinea and without reducing seed Univ., Sch. Engineering L App I led ScIences , 4559
germinab ility . (10/76—9/77) Scott Ave., St. Louis , MO 63130).

Supporting Agency:U.S. Dep. Agriculture It has recently been shown that prolonged exposure
to low-leve l microwave radiation (0.5 i~i for 8 hr
at 9 0Hz) wIll induce putativel y cumulative terato-
genic damage in pupae of the darkling beetle Terieb-

0188 TREATMENT OF ACRO MEGAL~ WITH RADIOFREQUENCY cio molitor. The proposed work w i l l  determine
TELET HER MO HYPOPHY SECTOMY (HU MAN) . .BQden, (a) whether Intermittent exposure to microwave

C. (Temple Univ., Sch. MedicIne , 3223 N. Broad St., energy during pupation causes damage like that
Philadelphia , PA 19122). predicted by previous results; (b) the power leve l

for putatively thermall y-induced damage and the
This project is part of a broader program of the distribution of types of damage below the therma l
General Clinical Research Center at Temple Univer- level; and , (c) the influence of microwave frequency
sity Hospital to provide a carefull y controlled in the production of teratogenesis and thereby
environment for coord i nated research of some of help identify possible mechanisms for the nonther-
the more human coimnon disorders . The Center employs mel ef f cts a l r ead y observed . (5/77-4/78)
interdepartmental scientists of diverse interests
and physicians of various medica l discip lines . Supporting Agency~HEW , PHS, FDA
(12/76—11/77)

Supporting Agency:HEW , PHS , N IH , Res. Resources Dlv .
0191 MICROWAVE CATARACTOGENESIS. Oosta , C. N .;

Mathewson , N. S.  (U .S .  De pt .  Defense ,
A rmed Forces Radiobioiog cal Res. Inst ., Bethesda ,

01 89 FLUID SHEAR OR MAGNETIC AL IGNMENT OF BLOOD MD 20014) .
COMPONENTS . Gardner , R. A. (Washington

Univ., Sch . Eng ineering & Applied Sciences , 4559 This research will determine the effect of micro—
Scott Ave., St . Louis , MO 63130). wave radiation on proteins in the rabbit lens and

the relationship between expected microwave- Induced
The objective of this project is to quantitatively alterations of lenticular proteins and duration of
identify field mechanisms of interaction in blood exposure at constant power density. Test animals
due to either fluid flow (rate-of-shear) or external- will be exposed to subcataractogenic and cataracto-
ly app lied fields (electric or magnetic) . Two genic levels of 2.45 0Hz radiation . Possible con-
effects, which have been recently documented are version of soluble lens proteins to an insoluble
the delay of in vitro throtebus formation due to form during microwave-indu ced cataractogenesis will
either increasing rate-of—shear in the flow or the be i nvesti gated. The quantity of soluble protein
application of an externa l magnetic field. The will be determined after extraction of all soluble
results of this research may validate the hypo- lens proteins in a suitable solvent. Variables in
thesis that the mechanism that results in these extraction procedure will be studied to determine
effects is the preferential alignment of one or If soluble protein is converted to insoluble pro-
more of the macromolecular participants in the in tein by the ex t rac t ion  procedure i t s e l f .  Af ter
vitro throntus—formatlon process. Fresh whole suitable extractio n of lens proteins , quantity of
blood (wb) or p latelet-rich—plasma (prp) from alpha , beta , and ganvna crystal lins will be measured
fasted normal donors will be used to produce coa- to determine possible alterations in protein con-
gula under the controlled In vitro flow conditions centration in rabbit lens as result of Irradiation .
of a modified Chandler rotating loop system. The Each crystal li n will be further analyzed to deter- 9
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mine shifts In subunit composition and changes in O I~~i EFF ECTS OF MICRO idAV( RADIATION OH THE
chemical/physical properties attributable to micro- NE RVOUS SYSTEM. Gandhi , 0. P. (Uta h
wave damage. (10/76-9/77) HIghe r Educati on Sy~.tem , Sch . 1ng i ne~erlng, 1400 1.

2nd St., Salt 1ule City, UT 84112).
Supporting Agency:U.S. Dep. DeE., DeE . Nucl ea r
Agency The e f f e c t s  of loi~~-te rm , l m  inten sity microwave

exp osure on the uervous 
~~~~~~~~~~ of rodents , wil l

be Investi gated. Effects the physiolog ic
function of t h e  nervous system , particularly th~0192 MICROWAVE DIATHERMY AND RADIOFREQUENCY brain , will be measured and correlated with behav ior-

OF MALIGNANT TUMORS . Miller , L. S. al results. Blochimica l ana l yses of the cholln-
Raymond , U. (U.S. Veterans Adm in. Hosp . , 5(18 Fulton esterase activit y of the blood , th~ sulfh ydry l
St., Durham , NC 27705). groups in the blood , and ketosteroid In the urine

wi l l  be performed and cirr clated with nervc,u~.This study will eva l uate the effectiveness of micro- system and behavioral measure~.nts . (6/77-6/78)
wave diathermy alone and In comb i nation with ionizing
radiation in the management of human cancer. Supporting Agency:HEW , PHS , t~II , Hati . Inst. Envi-
Patients with metastatic malignant disease considered ron,nenta l Health jcienre~unmanageable by conventional surgery, radiotherapy,
or chemotherapy and with rneasural,le lesions in the
skin , subcutaneous tissues or other accessible loca-
tions and a life expectancy of at least 2 mo will 0195 SEQUENTIAL CHEMOTHERAPY AND HYPERTHERMIA
participate. The microwave diathermy to be used in the IN THE TREATMENT OF EXPERIMENTAL GLIOMAS .
study poses no significant risks. R i sks posed by x—ray Sutton , C. H.; Carroll , F . B. (u.s. Veterans Admin.
and ganina-ray therapy are conventional , and at the doses HOSp.. 1200 Anastasia Ave., Miami , FL 33134).
specified , no added risks are anticipated. There
is a small risk of bleeding and/or infection from Temperature gradients combining loca l heating of
needle imp lantation of the temperature-mon i toring neoplasms w ith body-core temperature at 37 C or
devices (thermistors) . Potential benefits to the 28 C were investigated to determin e their ability
patient include reduction in pain , cessation of to enhance or inh I bit the selective accumulation
bleeding, healing of ulceration , and regression of of parenteral l y administered ant ineop lastic agents
tumor masses. (4/77-3/78) fl tumor Implants. The Zimerman murine ependy-

moblastotna was imp lanted subcutaneously In both
Supporting Agency:U.S. Veterans Adm in., Dept. flanks of C57BL/6 mice . In each animal , one f l a nk
Medicine & Surgery t(jnor was heated to 40 C, 4% C. or 45 C w i t h  a

2.45 0Hz microwave diathermy generator . The contra-
latera l implant and the remainder of the animals
were shielded with microwave- absorbing Eccosorb.

0193 HYPERTHERM IA-—A DIFFERENTIAL RADIOSENS I- Tracer doses of either 3H-cytosine arabinoside or
T I Z E R  I N V I V O . G ib bs , F. A.; Dethlefsen , ~H-methotrexate were injected either intraperitonea l-

1. A.; Johnson , C. C.; Gordon , 0. A. (Utah Higher l y or intravenously. These were measured in plasma ,
Education System , Sch. MedIcine , 1400 E. 2nd St., in heated tumor , in contralateral unheated t umo r ,
Salt Lake City, UT 84112) . and in liver and I~idney 15— 120 mm post - in ject ion .

It was found that peak plasma Concentrations of
The potential of hyperthermia as a radlosensit izer both agents were reached after 30 m m .  The greatest
wil l  be evaluated for a rapidly proliferating uptake of each agent during a 45-mm period after
normal murine tissue (duodenal crypt lining epithe— intraperitonea l Injection was obtained by heating
l i tsn), a slowl y—turning-over normal murine tissue tumors to 41 C. With both agents , the peak p lasma
(spina l cord) , as well as a slow—growing (slow line) concentrations achieved were two to three times
and a fast-growing (S1O2F) C3H mouse manlnary tumor, greater in hypothermic than in normothermic mice.
This combination of tissues will allow the assess— Hig her concentrations were achieved in heated tumors
ment of hyperthermic radiosensitization for both using cytosine arabinosid e than were achieved with
the early and late effects on normal tissue and methotrexate. Systemic hypothermia at 28 C served
on tumors with widel y varying growth kinetics . The to minimize the amounts of antineop last ic agents
hyperthermia will be Induced locall y via a 915 MHz mi - entering liver and kidney durin g this 45-mm period.
crowave system and the effects on the tissues will These results confirmed that the distribution of
be assayed , respectively, by microcolony crypt antineop lastlc agents can be affected by temperature
surviva l , hind-leg dysfunction , tumor growth delay gradients. The results also demonstrated an
and local tumor control (TCD5O/120) . Several enhanced accumulation of antimetabo lites selectively
temperatures and heating intervals will be studied in microwave-heated tumors In the presence of body-
as will heating before and after x-irrad iation. core hypothermia. It is suggested that the micro-
The therapeutic indices for tumor versus normal wave heating of tumors to 41°C for periods of 30
tissue will be determined for the various protocols. to 45 mm after the parenteral administration of
The long-term goal is to assess the feasibility antlneop lastic agents may prove beneficial in the
of introducing hypertherm ia as an adjuvant for chemotherapy of human neoplasms. (9/76-8/77)
clinica l radiation therapy. (5/77-4/78)

Supporting Agency:U .S. Veterans Adm in., Dept.
Supporting Agency :HEW . PHS , NIH . NC I Medicine & Surgery.
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0196 BIOELECTRI C STIMULATION OF DOG CORTICAL temperature sh i f t s  of the band energy gap in semi-
BONE GRAFTS . Burchardt , H.; Rudner , C. conductors , whIch can be sensed opticall y by measur-

(State Univ. Florida System , Sch. Medicine , 1600 log the wavelength of the adsorption edge , m i l l  be
Archer Rd.. Gainesville , FL 32610). pursued. Prototype probes are under development.

(4/77-3/78)
Cortical bone grafts are used in repairing congenital
defects and in many other app lications in ortho- Supporting Agency :HEW , P115, NIH~ Nati. Inst. General
pedic surgery . However , fatI gue fractures of the Medica l Science.
graf ts  and/or nonunion of the graft-host Junctions
occasionally occur. The proposed study is an attempt
to find a noninvaslve method of enhancing the incor-
poration and/or repair of cortical bone grafts. 0198 REMOTE STIMULAT ION BY RADIOFREQUENCY
It has been demonstrated that electromagnetic TRANSMISSION. Glenn , w. U. (Yale Univ.,

Sch. Medicine , 333 Cedar St., New Haven , CM 06510).stimulation of experimental fractures can Increase
the spe:d of callus formation and the strength of
healing fractures. This study will determine This project Is part of a broader program conducted
whether electromagnetic stimulation will enhance the by the Clinical Research Center at the Yale-New

incorporation and/or repair of segmental cortical Haven Hospital and Yale University School of Med i-

fibular autografts In dogs. Adult mongrel dogs clne. The Center conducts clinIcal invest i gation

weighing 20 to 25 kg wi l l be employed. Each dog concerning the mechanisms of disease . Therapeutic
measures are developed or tested in this Unit.with bilateral segmental fibular autografts will 
(12/76-11/77)carry an electromagnetic coil fixed to each hind

leg over the grafted segment for 12 wk postgraft ing .
The coil on one hind leg of each dog will emi t an SupportIng Agency:HEU, PHS , NIH , Res. Resources Div.
electromagnetic signal , and the other will serve
only as a sham coil for control purposes. When the
flbular segments are removed at 12 wk they will 0199 EFFECTS OF MICROWAVE RADIATION ON ThE
be tested for torsional strength. The segments NERVOUS SYSTEM. Lovely, R. H. (Univ.
will then be anal yzed for porosity and cumulative Washington , Sch. Med i cI ne, 500 17th Ave., Seattle ,
new bone formation using continuous tetracycline WA 98122).
labelIng with fluorescent photography and micro-
radiography of serial cross-sections of the trans- The effects of long-term , low intensity microwave
p lant segments. The data will be compared statis- exposure on the nervous system , particularly the
tica lly with established data on homotypic auto- brain , will be investigated. The effects of micro-
graft variation to determine whether bioe lectric waves on the brain will be measured and correlated
stimulation by means of electromagnetic fields with behavior and biologic functIons. (1/77-6/77)
alters the strength or repair process of autogeneous
bone grafts. (11/76’ 10/77) Supporting Agency:HEW, PHS , NIH , Nat i . Inst. Environ-

mental Heal th Science.
Supporting Agency:Easter Seal Res. Foundation

0200 MICROWAVE ThAWING OF FROZEN TISSUE. Lehr ,
0197 BIOLOGICAL TEMPERATURE SENSOR USING H. B.; Hoist , H. I.; Ketterer , F. (Univ.

OPTICAL ETALONS . Christen sen , D. A. Pennsylvania , Sch. Medicine , 36th & Hamilton Walk ,
(Univ. Utah Sch. Eng Ineering, 1400 E. 2nd St., Salt Philadelp hia , PA 19104).
Lake City, UT 84112) .

• The microwave thawing process in frozen organic
This project will deve lop a nonmetallic temperature materials will be investigated . Since 1968 this
probe using a small optical etalon as the sensing laboratory has Investi gated the effects of micro-
element. The etalon--an optical flat coated to wave radiation on rat skin , canine kidneys , and
form a reflecting cavity--will be connected to the gelatin molds , Radiation tolerance levels of cold
lig ht source and detector by a fiberoptic bundle. cryoprotectant (DMSO) perfused canine kidneys have
Biologic app lications of such a system include been established . Methods of thawIng a frozen,
monitoring of microwa ve biohazards , microwave cryoprotectant-perfused canine kidney have been
thawing of frozen organs and blood, and microwave evaluated by reimp lanting the kidney in a dog’s
therapy for cancer. Conventional thermistors , neck. To date , no kidney, after being frozen to a
thennoceuples and their metal l ic  leads cannot be m inimum of -40 C and stabilized at that temperature.
used in all these radiation experiments because has retained sufficient function to sustain a dog ’s
they si gnificantly perturb the electromagnetic life althoug h survival of the kidney components as
f i e l ds  and therefore cause temperature errors . The g lo meru l i and tubules has been obtained . Renal
optica l technique w il l rely upon the change in the pelv is , ur eter , and blood vessels survive consistent-
wavelength—dependent reflection from the face of the ly. SpecifIcall y, this investi gation will measure
eta lon as the temperature var ies . Temperature the e lect r ica l  prope l t i es  of t i ssue in the frozen
changes w i l l  cause thermal expansion or contraction s ta te .  Improved qua l i t a t i ve  models of mIcrowave
in the etalon material as well as changes in the heating of kidneys by analysIs and computer simula-
index of refract ion , thus vary ing the resonant tion will be developed and evaluated. A uniform
wavelengths . A s imilar technique , based upon the thaw ing schedu le employ ing more thar one microwave

Il
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frequency will be developed for art if ic l ,j I organic The biolog ic and ecolog ic consequences on all forms
gel kidneys that are similar in electrical and if fauna and flora to be illu m i nated need t be
therma l properties to can ine kidneys. Finally, well defined . In addition , the potenti al hazard
these technique s wi l l  be app lied to live iiianana l to operationa l personne l from acute exposure and
using rat skin and canine kidneys. (4/77-3/78) low-dose chronic exiosu rt must be eva lu at e d to

establish areas of restricted use around t~ e recelv-Supporting Agency:HE W , PHS , N I H , NIAMDD. ing area.  An i n i t i a l  short - term funded e f fo r t
(definition phase) will  be implemented to develop a
3-yr research program to define ‘.djor effects and
anticipated problems ; suggested approaches wi l l  be

0201 EFFECTS OF LOW INTENSITY MICROWAVE RAD IA- researched in subsequent years. The I n i t i a l  5-mo
TION ON MAMMALIAN SERUM PROTEINS. Cleary, study p lan will be reviewed , and the accepted plan

S. F.; Berry, E. R. (VIrg inia Coninonweal th Univ., pursued for an intensive 3-yr research program
Sch. Medicine . 1 200 E. Broad St., Richmon d , VA (Phase A). Result~ of that research will be
23298). assembled In a fo rm suitable for use in decision s

by NA SA to extend conanitments to the Space Power
.ia and trans i somers of beta mercaptoethylamine Satellite Concept and to conduc t additio nal biolog ic
and game mercaptoprophy lamine wil l be synthesized and ecolog ic studies on mechanisms and interactio n s
to determine their radloprotective properties. This (Phase B). A further extension of this effort
research is relevant to maintaining military forces (Phase C) will develop operational procedures and
In the field during nuclear warfare, and it is in site selections and prepare environmental impact
direct support of the Priority I Department of the documentation . (10/76-9/77)
Army Approved Qualitative Material Development
Objective for Prophy laxis and Therapy to Offset Supporting Agency :HEW. PHS , NIH , NIAsOD .
Effects of Ionizing Radiation (CD0G l212b [2l]) dated
27 June 1968. (10/76—9/77)

Supporting Agency:U .S. Dep . Def., Navy.
0204 STUDY OF BIOLOGICAL AND ECOLOGICAL EFFECTS

OF ENERGY TRANSMISSION BY MICROWAVES ON
INSECT BEHAVIOR . Gary, N. E. (Univ. California ,

0202 NAVY ENVIRONMENT - EFFECT OF MICROWAVE Sch. Agricultural and Envi ronmental Science , Davies ,
IRRADIAT I ON (A S FRO M RADAR) ON EMBRY ONIC CA 956 16) .

BRAIN TISSUE . Rl och, (1. (Inst. for Behaviora l Res.,
2429 Linden Ln., Silver Spring, MD 20910). No descriptive informat ion is available. (3/77-

9/77)
This research w i l l  determine to what extent micro-
waves, such as are derived from Navy radars , alter Supporting Agency:NASA , Organization & Management
the behavior and growth rate of rats that are Office , Univ. Affairs Office
exposed in utero. The experiments will be divided
into three groups : Group I experiments involve
exposure during the 6th to 9th and 12th to 16th 020 5 STUDY OF BIOLOGIC AL AND ECOLOG ICAL EFFECTSdays of gestation to determine post-natal changes OF ENERGY TRANSMISSION BY MICROWAVES.in behavior and growth rate. Group II experiments
will i nvolve exposures at differen t times of the Guy , A. 1.1. (Univ. Washington . Sch. Medicine , 500

17th Ave., Seattle , WA 98122) .diurna l cycle to determine rhythmic influences.
Finally, the relationship between intensi ty and No descript ive inforn.ation Is ava ilable. (3/77-duration of the exposure when total absorbed energy
is constant will be exp lored . (10/76—9/77)

Supporting Agency:U .S, Dep . Def. , Navy 
Supporting Agency :NASA , Organ izat ion & Management
Office , Univ. A f fa i r s  O f f i ce

0203 BIOLOGICAL AND ECOLOG I CAL IMPACT OF
• ENERG Y TRANSMI SSI ON BY M I CROWAVE BEAM 0206 ELECTRIC FIELD AND ELECTROMAGNETIC SENSOR

(JOINT ERDA/NASA PROGRAM). Sharp, J. C. (U.S. CAPABILITIES OF MARiNE ORGANISMS. Ka1
Nat l .  Aerospace & Space Adm in ., Ames Res. Center , mljn , A. J. ; Sheltema , R. (Woods Hole Oceanogr aphic
Moffett Field , CA 94035). Inst., Main St., Woods Hole , MA 02543).

The National Aeronautics and Space Admin is t ra t ion An analysIs  of how marine organisms perceive , or ient ,
(NASA) is current ly assessing the f e a s i b i l i t y  of and react to weak electric and electromagnetic fields
a Space Powe r Satellite to generate electrical in the ocean environment is important for nava l
power in space and transmit It to earth by micro— operations involving deployment of galvanic hard—
wave beam. The environmental impact from the trans- ware systems and for the protection of naval swim-
mission , received over many square miles continuous- mer/diver personnel. Such an analysis would exp lain
iy for 30 yr . appears to be far less than that from shark attack on both personnel and hardware and also
many other proposed solutions to the energy crisis , the orientation of marine bacteria , which may be
but many aspects have nnt been researched or tested , Initial components in marine corrosion biochemistry
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systems . The neural mechan i sms and associated the thorax. The resuIt~, wi l l  show whether micruwa.ie
behaviora l responses In marine organisms to natura l methods are feasible for monitoring changes In l ung
electric and electroma gnetic fields w i l l  be inves- water or for measuring absolut.: level s uf l ung
ti gated . The princ i pa l areas of concern are the water. (12/76-11/77>
biolog ic relevance of an electric sense , the bio-
physics of electroreceptor systems , and the centra l Supporting Agency:HEW , PI4S , N IH , Nail. Heart Lung
processing of electrica l Information at lower brain & Blood Inst.
l evels. (10-76-9/77)

Supporting Agency:U .S. Dep . Def. , Navy
0208 GENETIC AND DEVELOPMENTAL EFFECTS OF MICRO-

WAVE IRRADIATION OF MICE. Czerski , P.
(NatI. Res. Inst. Mother and Child , 17 Kasprzaka ,

0207 MICROWAVE METHODS OF LUNG WATER MEASURE- Warsaw , Pola nd ) .
MENT. Durney, C. H.; Bragg , D. G.; John-

son , C. C.; Morris , A. H.  (U ni v. U tah , Sch. Engineer- A lifetime study of progeny of microwave-irra ’iated
Ing , 1400 E. 2nd St., Salt Lake City, UT 84112) . mice is proposed . The study will utilize a sing le

exposure rate and a multiple low-level exposure
The objective of this research is to measure total to microwave radiati on of two groups ‘if animals.
l ung fluid content by calculating the reflection of Progeny of one group will be exam i ned for Jross
microwave energy applied to the thorax or the trans— structura l and induced chronosoma i congenital
mission of microwaves through the thorax. A pulmo- anomalies , Irradiated parents and subsequent
nary edema animal model will be developed , and micro— progeny of the second group will be observed to
wave measurements will be made on l ung phantoms determine lifetime morbidity and mo rtali ty. (10/77-
with known water content and on dogs with artificial- 9/78)
l y induced and measured pulmonary edema. Ca l cula-
tions based on a planar layered model will be used Supporting Agency:HEW , PHS , FDA , Bureau Radiologica l
to account for differences in the size and shape of Health
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• 5106 RISKS AND DAMAGES RESULTING FROM OCCU- control (P<0.O5) . The findings indicate that UHF
PATIONAL EXPOSURE TO HIGH FREQUENCY ELEC- electrical field causes hypercoa guIabi lity and

TROMAGNET IC FIELDS. (.Tta.) Al ber t i , S. (No aff il- suppresses the th,o~nbopIastlc and fibr lno l y t i c
jation given) . sacurita~ 61(1—2 ) : 27-35 ; 1976. act ivit y of the tissue extracts.
(30 refs)

The effects from exposure to electromagnetic radia-
tion were I nvestigated in two groups of workers 5108 EFFECT OF ELECTROSTATIC FIELD ON ANTIBODY
Involved in the operation of hi gh frequency (5-50 SYNTHESIS. (Rue.) Tovrnasian , V. S.
MHz) heating machines used in wood glue ing. The (Central Scientific Res. Lab.. Erevan Medica l Inst.,
clinical investigatIons were prompted by subjective Erevan , USSR); Gevorklan , 14. I. ; Artsruni , C. G.
symptoms developed by the workers . In a group of Zh EK8; KZtn Mcd 16(5): 42-44; 1976. (9 refs)
five workers (25—40 yr old) with total employment
duration (TED) of 1.5—10 yr and similar rhythm of The effect of exposure to electrostatic field
exposure (RE) , the spermiogram (Page-Moulding index) (potential 2,500 V/cm , 24 hr) on antibod y synthesi s
showed values of 44, 23, 19, 3 and o, respectivel y, was studied in  st ra in iess male mice 4 and 7 days
versus normal val ues of 50-80. These indices indic after i nanun i zation with sheep erythrocyte s (1 ml ,
ated sterility in 2/5 and decreased fertility in 2~ suspension , i p). The nun~er of the antibod y-
3/5, while 4/5 subjects showed a marked decrease of forming splenocytes was determined by hemol ysis
testicular pain sensitivity. A group of 26 workers testing. Group I was i nvnunized i ninediatel y after
(22 men and 6 women , 16-62 yr old) had a TED of 4-12 exposure ; Group II was exposed to the electrostatic
mo (12/26), 1-3 yr (10/26), and 3-6 yr (4/26). The field imediately after l nynunization . while Group
RE was continuous (the whole shift in every working was exposed i mmediately after imunization ,
day) in 14/26, half shift in 1/26 , and intermittent and three days later. The nun~er of the antibody-
(a few hr/wk for a few days/mo) in 11/26. Recurrent forming spleen cells was significantl y reduced
subjective symptoms were found in 22/26: insomnia compared with the contro l (125.6 ~ 28.8 x 10

t) on
(9/22), asthenia (6/22), decrease of libido (4/22), the 4th day (44.1 ± 14.8 x 106 in Group I; 4.05
and incessant headache (3/22) . The sperrnlogram , 2.83 x 106 in Group I I , and 5.29 ± 46 x lO~ in
performed in only 12 subjects , showed an index of Group lii). On the 7th day , the reduction was
>50 in 8/12, 5—50 in  3/12 , and ~5 in 1/12. Among significant in Group I l l  only (12.06 ± 2.63 x 106

the 8 with normal index , 5/8 had intermittent and vs 53.9 ± 12 x 106 in the contro l ) .  The findings
3/8 had continuous RE. Among the 4 with decreased indicate that electrostatic fields cause a cons i der-
index, 2/4 (index 4 and 8) had continuous RE of 6 able immunosuppressive effect , especiall y when
and 8 mo., respectively; 2/4 (index 9 and 40) had immunization precedes exposure.
a TED of 4 and 3 yr and continuous , followed by
intermittent , RE. Results of other clinical examina-
tions were not be correlated with the effects of
nonionizing radiation. A review of the literature 5109 ON THE MAGNETIC FIELD DEPENDENCE OF THE
preceeds the presentation of the clinica l results. YIELD OF THE TRIPLET STATE IN REACTION

CE NTE RS DF PHOT OSYNTHE T I C  BACTERIA.  (E~g.) Hoff ,
A. J. (Biophysical Lab., State Univ. Leiden ,
Wassenaarseweg 78 , Leiden , The Netherlands) ; Rade-
maker , H.; Van Grondelie , R.; Duysens , L.  N. 14.

5107 EFFECT OF UHF ELECTRICAL FIELD ON THE Biochirn Biophy~ Acta 460(3): 547-554~ 1977.
BLOOD CLOTTING SYSTEM IN ANIMALS. ( R us .)  (22 refs)

Rusiaev , V. F. (Dept. Physics , Chita Medical Inst.,
Chita , USSR); Mul yndina , G. I . Vopr X~r~’rtoi The effect of an applied magnetic field on the y ield
Fi_zi.otcr Lech Fn.z Kult (4): 76-79; 1976. (8 refs) of the triplet state in reaction centers of the

photosynthetic bacterium Rhodopoeudanvnas sp haeroides
The effect of exposure to ultra high frequency (UHF) was i nvestigated . in chroma tophores , the triplet
electrical field (80 V/rn, 5 mm per day for 10 days) yield in a high magnetic field was 15% lower than
on various parameters of blood coagulation was that in a zero—field , and the magnetic field at
studied in rats. The hemog lobin level decreased wh i ch half the effect was observed (Bl/2) was about
from 12.9 ± 0.5% in the control to 11. 4 ± 0.3% 500 0. In reaction centers with an intact i ron-
(P<0.O5) ; the erythrocyte sedimentation reaction ubiquinone complex , the triplet yield was 25~. lower
increased to 7.6 ± 1.8 Hg mm from 2.6 ± 0.2 Hg nan in a magnetic fie ld , and the total extent of the
(P<0.O2) ; the viscos i ty of the blood decreased to effect was obtained in fields as low as 100 0. In
3.6 ± 0.1 cP from 4.2 ! 0.3 cP (P<O .l); the erythro- reaction centers in which onl y ubiquinone acts as
cyte count dropped to 5.1+ ± O.~ x 106/nyn 3 from the primary acceptor , the triplet y ield was 35%
6.4 ± 0.7 x lO t/m 3 (P<O.02); and the leukocyte Count lower , with the effect fully developed at about 50 0.
increased from 3,900 ± 460 nan3 to 4,800 510/nan3 The i ron in the I ron-ub i quinone complex of the R-26
(NO.2). The recalc ifica t ion time was 14 sec in the mutant form of Rhc,~o~’Beudornon a8 er h~eroide8 is not
1:30 dilution of aortic extract vs 13 sec in the ~~~~~~~ 

essential for the magnetic field effect , since the
tro l (NO.3); the prothrombin consumpt ion was 818 wild type of the bacterium , which lacks a functiona l
sec vs 1 ,200 sec in the control (NO.01); the thrombin i ron complexed to ubiquinone , also showed an effect
time was 2! sec in the control (NO.05); and the on trIplet state yie ld. Chro+natophores of the wild
fibrinol ytic activity was 188 mm vs 158 mm in the type of Rhodoracudomonas sp haeroide8 that were
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reduced with 100 molar dithionite initiall y gave Adelaide , Austra’ia); Carter , R. F.; Ma e’~el I , G. +4. ;
a lmost no f i e ld  ef fect .  When o-phenanthroline was H i l l i e r , T. M .; Ludbrook , J ., Savage , J. P . s. ’
added , the triplet y ield in zero—field remained 1(8025) : 1278-12 8 1;  1977. (25 r ,.f ~~)
the same , but field effect became much stronger (up
to 15%). It is concluded that the magnetic f ie ld  The e f t e c t s  of d i rec t  current s t imulat ion on bone
effect is critically dependent on the value of the healing In an experimental model involv ing delayed
exchange parameter that measures the exchange Inter- bone healing of the tibia in adult dogs were asses-
act ion between members of the radical pair P’~l (P sed in a double-blind trial . A conanercial bone
is the primary donor and I the first identifiable growth stimulator was used to supp ly a constant sum
acceptor). current of 20 ~A through one stainless-stee l cathodic

electrode; there were two p latinum anodes carry ing
approximatel y half of the sum current. The elec-
trodes were passed retrogradel y into the defect area

5110 LOSS OF VIABILITY OF PEAS CAUSED BY MICRO- where the anodes were i nserted into the medulla ry
WAVE HEATING. (Eng.) Schrader , 0. H. cavity at a point 1.5 cm above and below the defect;

(Electrical Engineering Dept., Washington State Univ., the cathode was made into a helix and Inserted into
Pullma n , WA); Patel , B. M. Trans A5AE~ 20(2): 354 the defect area. Two groups of 24 dogs each with
359 ; 1977. (18 refs) delayed bone healing for 4 wk were attached to

electrodes , which were connected to either active or
Loss of pea seed (Pisuin 8ativwn) viability due tO inact ive s t imulators .  Osteogenesi s in dogs with
short-term thermal heat ing or microwave exposure active electrodes was superior to that in dogs with
(916 MHz at power levels up to 20 kW) was investi— i nactive electrodes when evaluated by the criteria
gated. Temperatures and exposure times for 50% of gamma imaging (P = 0.05) and c l i n i ca l  union (P
surviva l after microwave heating were 73 C and 3,600 0.05). Using these two c r i te r ia  p lus the additiona l
sec, 81 C and 1 ,000 sec , 89 C and 1 ,000 sec , 97 C criterion of histologic appearance , healing in dogs
and 27-50 sec, 107 C and 13-25 sec. 113 C and 5-10 with active electrodes was found to be superior to
sec , and 106 C and 4—8 sec. For thermal heating, that in dogs with inactive electrodes at the 1%
the temperatures and exposure times for 50% survIval level of s ign i f i cance.  Histo logic assessment
were 54 C and 4.73 wk , 58.9 C and 6 days , 69.5 C revealed norma l bone healing by endomembranous and
and 36 hr , 70 C and 35.6 hr , 73.5 C and 9.5 hr , endochondra l ossification . Inflammatory changes
79 C and 80.5 mm , 79.5 C and 3,600 sec, and 90 C were Ins i gnificant and did not inhibit osteogenesis.
and 280 sec. A statistica l analy sis of these data There was no evidence of dysp lastic or neoplast ic
indicates that any extra-thermal effect due to the changes in dogs receiving direct current stimulation.
microwave exposure was less than the variability of Therefore , electrical stimulation can significantly
the temperature measurements that were performed accelerate bone healing in an experimenta l situa-
calorimetrically and by infrared radiation mon i toring. tion analogous with delayed bone union In man.

51 1 1 STUDIES ON THE HEMATOLOGIC EFFECTS OF LONG- 5 11 3 IIEMOLYSIS OF HUMAN ERYTH ROCYTES BY A
TERM , LOW-DOSE MICROWAVE EXPOSURE. (Eng.) TRANSIENT ELECTRIC FIELD. (Eng.) Kino-

Djordjevic , Z. (inst. Aviation Medic ine-Zemun , sita , K. (Dept. Physiological Chemistry , Johns
Yugoslavia) ; Lazarevic , N.; Djokovic, V. At’iat Hopkins Univ. Sch . Med icine , Baltimore , MD 21205);
Space Environ Mcd 48(6): 516-618; 1977. (17 refs) Tsong , T. V. Proc Nati Acad •‘~cz~ USA 74(5): 1923-

1927; 1977. (20 refs)
Hematologic and morphologic studies on Wistar rats
exposed to 2,400 MHz continuous microwave radiation The exposure of human erythrocytes to a high voltage
at a mean power density of 5 mW/cm2 were conducted . pulse of a few ky/cm under isotonic conditions led
The rats were irradiated for 1 hr/day for 90 con- to tota l hemolysis of the red blood cells. Hernoly-
secutive days . No significan t differences in hema- sis was due to a field-induced transmembrane poten-
tocrit , mean cell volume , hemoglobin , total leuko- tial; neither the effect of current nor the extent
cyte and erythrocyte counts , neutrop hi l ic leucocytes , of the rap id Joule heating to the suspending medium
and l ymphocytes were observed between test rats showed a direct correlation with the observed hemoly-
and contro l rats before , during, and after irradia- sis. High ionic strength In the pulsation medium
tlon . Although moderate leukocytosis was observed markedly reduced the hemol ysis rate. When erythro-
during the experimenta l period in irrad iated rats , cytes were treated with a 20 psec pulse at 3.7 kV/
simi lar  alterations in the number of leukocytes in cm and then transferred into an isotonic sodium-
peripheral blood were observed in control animals , chloride solution , 50Z hemolysis was attained at
Thus , the leukocyte shi f ts  observed during the 0.2 mm , 0.6 mm , 13 mm , and 4 hr , respectively,
experiment do not appear to be the result of micro- for pulsation media containing 3, 10, 30. and lOot
wave irradiation. Morphologic studies did not revea l isotonic sod I um chloride . Voltage pulsation of the
any evident changes In the spleen , liver , heart , erythrocyte suspension was capable of Inducing a
brain , or testicles . transme mbrane potential across the cell membrane ,

whIch at a critical point either opened up or created
pores in the erythrocytes. In isoton ic saline the

5112 ELECTRICAL BONE-GROWTH STIMULATION IN AN pores were small and allowed passage of potassium
• EXPERIMENTAL MODEL OF DELAYED UNION. and sodium Ions but not sucrose and hemoglobin (Nb)

(En ,q.) Paterson , D. C. (Adelaide Children ’s Hosp., molecules. In contrast , larger pores , which admitted
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sucrose but not Nb were obtained by pulsation In causing a build-up during viewing and a release of
3O~ sodium ch lor lde-7O% sucrose isotonic mix ture , excess t rans ient  current across the c i r c u i t  upon
Kinetic measurements indicated that the hemoly sis of deactivation . Replaceme nt of the relay an~ the
the erythrocytes followed a stepwise mechanism: addition of a resistor and capacitor to th~ Ci rcuit
leakage of ions led to an osmotic Imbalance , which eliminated the offendIng electromagnetic transmls-
in turn caused a colloida l hemo i ysis of the erythro- sion .
cytes.

51:6 NONMETALLIC ELECTRODE SYSTEM FOR RECORDING
5 111+ SENSITIVITY OF THE HOMING PIGEON TO AN EEC AND ECG IN ELECTROMAGNETIC FIELDS.

EARTH-STRENGTH MAGNETIC FIELD. (Eng.) (En~ .)  Flan lgan , W . F . (Biomedica l Group, Unde r-
Bookinan , 14. A. (Dept. Psychology , Massachusetts sea Sciences Dept., Nava l Undersea Center , San Diego ,
Inst. Technology , Camb ridge , MA 02139). .. tturc CA 92132) ; Bowman , R. R .; L well , W . R. • h~~ Bch:~t
267(5609): 340-342; 1977. (25 refs) 18(3) : 531-533; 1977. (5 ref..)

A flight tunnel constructed within a controlled A nonmetallic electrode/lead syste m for recording
magnetic environment was used to train three pa i rs biopotentials In the presence of electromagnetic
of homing p igeons (~‘olzs’tbia Zivi~) to discriminate fields is described which minimizes field enhance-
between an earth-strength induced magnetic field ment artifacts associated with metal and other d cc-
(0.5 G) and a 0.02 C background field. The pigeons t rode systems . The electrode Is a 10-cm strip of
were allowed to trave l the length of the tunnel 4 siemens (S)/m carbon-loaded te flo n (CIT), which
and were trained to enter the correct feeding box is 1 mm wide and 0.25 nan th ic k. The lead is a strip
associated with each magnetic field condition. Two of 72 S/rn CLI of identical width and thickne ss. In
basic patterns of response were observed during comparison with thin copper electrodes , wh i ch can

• adaptation and training of the p igeons. After land- have field enhancements on the order of 10’ , the
ing, the birds would either walk the length of the electrode material used in the above system produces
tunnel or engage in a period of spontaneous flutter only a marginal field enhancement of 1.3 at 960 MHz
activity before entering a feeding box. Flutter and even causes a field reduction of 0.6 at a fre-
consisted of sustained hovering, jump ing , rap id qijency of 2,450 MHz. By keeping the separation
turning, and short flights. The data showed a between the two electrodes and the two leads to a
statistically significant discrimination between m in inum , noise is effectivel y eliminated in the sys-
the two magnetic field conditions that was even tern when it is placed perpendicular to the €l ectric
more apparent when the trials were separated accord- field component of incident electromagnetic fields
ing to flutter activity. In all cases , ‘with flut- at power levels up to 100 mW/cam2 . The electrode
ter trials were statisticall y nonrandom , while the System has been used to record brain wave and heart

• ‘no flutter ’ trials were random . Homing pigeons , rate activity in both acutely and chronically im-
therefore , appear to have a magnetic f i e ld  sensi t iv -  p lanted chelonians ( tur t les and tortoises) . Elec-
ity which is somehow associated with flutter activ- trode t i ps were inserted up to 2-3 mm between dura
i ty .  and skul l  and between underly ing soft t issue and

the upper shell for monitoring electroencephalograms
• and electrocardiograms , respectively. Recordings

compared favo rably w i t h  those obtained from animals
5 11 5 FLUOROSCOPE-GENERATED ELECTROMAGNE TIC chronicall y irnp lantc l with metal electrodes and

INTERFERENCE IN AN EXTERNAL DEMAND PACE- connecting w i res .
MAKER. REPORT OF A CASE. (Eng.) Leeds , C. J .
(Cardiology Dept., USPHS Hosp., Staten Island , NY
10 304) ; Akhtar , M.; Darnato , A.  N .  Circulation
55(3): 548—550; 1977. (8 refs) 51 1 7 THE BIOLO G I CAL EFFECT OF THE ELECTRI C

FIELDS OF HIGH-TENSION LINES ON MAN.
Electromagnetic interference from a faulty fluoros- (Gcr.) Stimrne r , H . (Vorstand des In stitut s fue r

• copy unit caused inhibition and resetting of the Elektrische , An lagen und Hochspannungstechn ik der
demand c i rcu i t ry  of a ventr icu lar- inhib i ted tempora Technischen Universi taet Wien , Gusshausstrasse 25,
ry external pacemaker in a 70-yr—old man undergoing A-l040 Wien , Austria) . Ostcrr 7 El,’ktt ’ z 30(3):
surgical imp lantation of a permanent bipolar pace- 86— 89 ; 1977.
maker generator and lead. The external pacemaker
wa s set at an automat ic  pacing interval  of 850 msec A survey of the effects of the electrical fields in
with the sensitivity control at maximum. The stim- high-tension lines on the human body is presented .
ulus output was adjusted to 2 isA , 1.4 nsA greater A 1972 Soviet report point ed out that headache ,
than the ventricular pacing threshold. The fluoros— nausea , and vert igo were observe d in peop le work i ng
copy unit , which was used to observe the cardiac in new 500 kV high-tension swl tchgear p lants after
silhouette , was in the vicinity of the external exposure of several  months . Subsequently, a group
temporary transvenous pacing equipment. The arrhyth- of 250 persons employed in high-tension p lants w i t h
mia was due to oversensing of waveforms (modulated longer and more frequent exposure to electric fields
to simulate myocardial potentials) that were emitted of up to 30 kV/m was Investiga ted. The workers
by the fluoroscopy unit. Examination of the fluoros- revealed breakdown symptoms in the central nervous
copic unit revealed a faulty relay that Inter fered system , disorders of the card iovascu hr system ,
with the normal flux cens i ty of the transforme r , morphologic changes In the blood , and reduced sexual
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potency in young men. Similar studies In various blood urea nitrogen and serum glucose have been
European countries involving groups of peop le observed in experimental animals exposed to Ire-
exposed to electric fields of 20 kV/m , 200-400 kV quencies rang ing from 1.28-24 GHz at power Inten-
did not show any significant changes In vital signs. sit l es of 0.5-165 mW/cm2 . Reported alterat ion s
A Spanish study reports that three workers who were in thyroid function associated with occupationa l
emp loyed for more than 10 yr at a 400 ky-p l ant , microwave exposure suggest that the neuroendocrine
disp layed vertigo , loss of appetite , insomnia , system is sensitive to microwave and RF fields at
retch i ng spells, and visual disturbances. These intensities that can Induce low levels of tissue
symptome disappeared after cessation of field effect, heatin g . Microwave or RF exposure may also a l t e r
Evaluation and comparison of the variable results the susceptibility to Stress of in sult by viral or
were difficult because potential changes were not bacterial pathogens . For example, the granu lopoletic
limited to the pathologic range alone. The effects reaction to staphy lococca l insult in rabbits
never exceeded standard borderline value s and could exposed for 6 hr/day to 3-CHz microwaves (3 n#J/cm7
have been due to any number of every day environ— intensity) was significantl y different from that of
mental causes. unirradiated rabbIts. The susceptibility of mice

to the effects of certain drugs such as , pentetrazol ,
has been altered by exposure to 3-GHz pulse-modulated
mIcrowaves at an average power of 5 mW/cm2 . Although

511 8 ARTERIAL PRESSURE UNDER THE INFLUENC E OF the effects of long-term low intensity occupational
LOW’ INTENSiTY MICROWAVES AND HIGH TEMPERA microwave exposure on the human lens are unclear ,

TURE . (Rue.) Sadchikova , M. N. (Inst. Labor My — increases in the rate of lens aging have been reported
giene and Occupational Diseases , Acad . Med., Moscow in connection w i t h  such exposures. Experimental
USSR) ; Nikonova , K. V . ;  Denisova , E. A. ;  Snegova , thresholds for microwave pulse—evoked auditory
C. V.; Lvovskaya , E. N.; Soldatova , V. A . 

~~~~~ 
‘!‘~‘ sensation have been related to the inci dent pulse

Prof Zabol 2: 17-21; 1977. (8 refs) energy, w i th  values of 20 J/cm2 for Cats and 40 J/cnm ’
for humans at pulse durations of 30 usec or less.

The vascular tone of 885 individuals occupationally Additiona l research is necessary before any definite
exposed to low-intensity microwave radiation and conclusions may be drawn about the effects of low-
high temperature was investigated . Of the 885 people , intensity microwave or RF exposure on mama l ia n
275 men and 78 women were in contact with microwave reproduction and development. Although significant
radiation sources, and 532 (411 males , 121 females) differences in the results of studies on ,nicrowave-
served as controls. The group under investigation or RF-induced central nervous system e f fec ts  exist ,
was subdivided according to working conditions . low intensity f ields at t imes induce detectable
Group I consisted of 182 men (up to 1+0 yr old-73.1%) changes in nerve  structure , electroph yslology, or
manufacturing radlolocat lon equipment and UHF units behavior. SignIficant alteration s in the behavior
with length of service of up to 10 yr. They were of albino rats trained to respond on multi p le rein-
periodically exposed to microwave radiation ranging forcemnent schedules were induced by both S- and X-
from a few to hundreds of pW/ cm2 at 2-3 hr/day , band irradiations at intensities of 5 mW/cm2 or
They also worked at high temperatures (37 39 C) .  greater.
Group II consisted of 93 amen (up to 40 yr old—69 .9%)
and 78 women (up to 40 yr old-52.6%) working wit h
radio relay control equipment and control-adjustment
of electronic instruments , who rece ived about 10 All 5120 TUMOR CURE AND CELL SURVIVAL AFTER LOCAL
cia2 . Service records ranged from 3-20 yr. Cl in ica l I Z E D  RAD I OF REQUENC Y HEAT ING . (Eng.)
examination showed the major i ty  of a l l  groups to be Marmor , J. B. (Div . Radiology, Stanford Univ. Sch.
healthy; howeve r , hypertension was noted in men Medicine , Stanford , CA 94305) ; Hahn , N.; Hahn , 6. M.
exposed for 5 yr or longer to microwave radiatio n Ccrncer Rca 37 (3) : 879-883; 1977. (15 refs)
of hundreds of uW/cm2 and high temperature and in
women with 10-20 yr of work exposure to microwave A 13.56 MHz unmodulated electromagnetic field from
radiation of up to 10 pW/cin2. a radiofrequency generator was used to locally heat

EMT-6 ma mmary sarcomas and KHJJ Carcinomas , which
were intrader m all y implanted (~o~ viable tumor
ce l ls)  in BALB/cK.a mice . Temperature profi les

5 1 19 BIOLOGICAL EFFECTS OF MICROWAVE AND RADIO— indicated uniform temperature distributIon through-
FREQUENCY RADIATION. (Eng.) Cleary , S. F. Out the tumor vol ume wi th  no systemic hyperthermia.

(Dept. Biop hysics , Virginia Commonwealth Univ., Typ ical initial incident power levels were 0.9 W/cm2,
Richmon d , VA) . CRC Crit Rev Environ Control 7(2): and average maintenance powers were about 0.6 W/cm2.
121-1 66; 1977. (100 refs) Host body temperature rose slowly but dId not exceed

37 C. Both tumors were highly Sensi t ive to cure
Studies conducted ove r the past 6 yr on the bio— by radiofrequency heating, with the cure rate being
logic e f fec ts  of microwave (30-300 MHZ) and radio- a function of temperature and exposure duration .
frequency (RF: 30-300 kHz) radiation are reviewed Exposures of 20 mm or longer at 44 C were su f f i c ien t
with particular emphasIs on the existence and/or to cure all mice with EMT-6 sarcomas. Approximately
s ign i f i cance  of low- in tens i ty  (less than 10 mW/cm2) 50% cure rates were achieved w Ith 5 mm of exposure
effec ts. Hematopoletic effects such as changes in at 44 C w i th  10-mm exposure at 43.5 C and with
leukocyte , l ymphocyte , and neutrophile count; 30-mm exposure at 43 C. The KHJJ tumor was more
al tered mi to t ic  a c t i v i t y  in erythroblasts , bone resIstant to cure than the EMT-6 tumor. At 1+3 .5 and
marrow cells , and l ymphatic cells; and changes In 44 C , 20-mm exposures were required to produce

18



a. - - - -- “-“- - - ‘
~
—‘ • —.—--—.-- — - . 

~~~~~~~~~~~~~~~~~~~~~ 
-

r0o#~ej.~ al l  It,’, tm ol /V,~~m,.n,.-mi ~q Elm ,’,
Ra,l,.,t,on I !..’) Le~’’”i’e’ P9/I (.UUHLNI IIPtHA TURI

a 5O~ cure rate; l0O~ cure r ites wer - not achieved , perip heral aud i tory apparatus based on the foll ow ing
Tumor ce l l  surv iva l  s tud ies  on EMT-6 tumors t reated observations: tIere was a 2-5 macc latency fnr
in si t u r,.vealed that cell inactivation by radio- the observed unitary response to the pulsed nil c rmm -
frequency heat in g was s imilar to that for hot water wave radiation ; the microwave P5TH was generally
bath heating. towever , d l r,’ct cell k i l l i n y  cannot of the same form as the acoustic P5TH ; and the
account for the observed cures , and it Is postulated single unit response appeared to be a nunmonotonic
that an additiona l delayed mechanism involv ing eithe r function of pulse width. The most satisfactory
i ntraturo r or hos t response must p lay a major role current hypothesis for the observed aud i tory response
in tumor eradication , is that the Inc i dent microwave pulse sets up a

thermo-acousti c wave in the head that mechanicall y
stImulates the inner ear via bone conduction.

512 1 A MULTIPLE-ANIMA L ARRAY FOR EQUAL POWER
DENSITY MICROWAVE IRRADIATION. (Eng.)

O ll va , S. A. (Armed Forces Radlobiology Res . Inst . • 5123 THE LEVELS OF GABA IN MOUSE BRAIN FOLLOWING
Defe nse Nuclear Agency, Bethesda . MD 2001 4) ; Catra- TISSUE INACTIVATION BY MICROWAVE IRRADIA
vas . G. N. IEEE ~r’.memm .“~. ‘r aa,ve •‘h.iori Techni’que a TION . (Entj.) Knlerlem , K. 14. (State Lab. Hygiene ,
25 (5 ) : 4 33 — ’e36 ; 1977. (7 refs) Univ. Wisconsin , Center Health Sciences , Madison ,

WI 53706) ; Medina , 14. A . ;  Stavinoha , U. B. ,J N. arc —
A Styrofoam and Plexig las exposure array, which ,

~hp .n 28(4) : 885-886 ; 1977. (20 refs)
permi ts the simultaneous Irradiati on of multiple
animals at a uniform average microwave power density, Postmortem gama-aminobutyric acid (GABA) levels
is described. The array consists of microwave were determined In mouse brain tissue after inactiva-
transparent cages positioned In accordance with the tion by microwave (2,450 MHZ) radIation. Preliminary
natura l charac ter is t i cs  of the microwave f i e ld  and experiments indicated that ZOO msec was adequate
separated su f f i c ien t l y  to insure mInimum Interaction time to stabilize postmortem brain GABA levels. The
between animals due to microwave reflection. Exper- concentration of GABA in the brain of mice treated
iments In which the array was tested in an anechoic with 6 kW of microwave radiation for 200 msec was
chanter at a frequency of 2 ,450 MHz using an iso- comparable to that previously observed in mice and
tropic field probe , which was placed in a given rats after rapid freezing. When the brain was
cage concurrentl y with the placement of rats in all removed and allowed to remain at room temperature
othe r cages , revealed that the average power dens i ty for 30 mm prior to homogenization , GABA levels
in any cage varied by no more than ± 5% from the increased from 2.27 ± 0.16 pmol/g tissue at 0 time
compos i te average of all cages . Differences In (within 2 mm of death) to 2.37 ± 0.07 umol/g after
perturbations between cages closest to the microwave 30 mm in decapItated mouse brain as compared with
antenna and those farthest from the antenna may be 0 and 30-mln values of 1.99 ± 0.02 and 1.89 ± 0.05
compensated for by rotating the animals through umol/g, respectively, for microwave-treated mice.
all cages on a day-to-day basis. Therefore , exposure to 200 msec of microwave radia-

tion effectively prevented postmortem elevation of
brain GABA . The lowest GABA leve l In microwave-
treated mice were found in the cerebellum (0.88 ±

5122 SINGLE AUDITORY UNIT RESPONSES TO WEAK , o.o8 pmol/g) and the hig hest In the hypothalamus
PULSED MICROWAVE RADIATION . (Eng. ) (3.55 ± 0.08 umo l /g).

Lebovitz , R. M. (Dept. Physiology , Univ. Texas
Health Science Center at Dallas , Dallas , TX 75235);
Seaman , R. L. Brain Pea 126(2): 37O-375~ 1977.
(19 refs) 5121+ THERMAL RESPONSES TO HIGH-FREQUENCY ELEC-

TROMAGNETIC RADIATION FIELDS . (Eng. )

Extracellular sIngle auditory unit responses were Frazer , J. W .; Merritt , .1. H., A llen , S. J.;
recorded from the proxima l portion of the eig hth Hartze ll , R. H . ;  Ra t l l f f , J. A.; Chamness , A. F . ;
nerve of cats exposed to pulsed microwave radiatIon Detwi 1cr , R. E .; McLellan , T. (USAFSAM (RAP) ,
(915 MHz) with an average absorved power dens i ty Aerospace MedIcal Div. (ARSC), Brooks Air Force
of 1 n*l/g or less , a pulse repet i t ion rate of 10/ Base , TX 78235). 19 pp.; 1976. [available through
sec or less , and pulse width ranging from 25—300 National TechnIcal Information Services , Spring-
psec. The microwave energy was app lied via a pulse- field , V A 22161, Document No. AD A0 32 179). (17 refs)
modulated source connected to a waveguide applicator
located 2-5 cm from the dorsolateral side of the Male rhesus monkeys were exposed In a coaxial trans-
cat ’s head. Among 100 auditory units studied in mission line to 26 MHz continuous wave radiation
seven cats , 32 were found to be responsive to both for 6 hr (interrupted every 30 mm for rectal tem-
acoustic clicks and to pulsed microwave stimulI. perature measurement) at field densities of 500,
The response amplitude varied directl y with the 750, and 1 ,000 mW/cia2. An i nisediate rise In skin
microwave pulse amplitude at any give n microwave and rectal temperature with subsequent cooling was
pulse width . The microwave poststimu lus time observed. Rectal temperature reached an equilIbrium
histograms (PSTH) of a given unit generall y showed after about 1.5 hr of exposure , and this equilibrium
the same qualitative interval distribution for pulse was maintained throughout the remaInde r of the
energy densities rang ing from threshold (less than exposure period. At the highest exposure (1 ,000
4 jJ/g/pulse) to about 40 p Jlg. The microwave- mW/cm2), the rectal temperature initially rose from
i nduced responses appeared to be shaped by the 38.1 to 39.4 C and reached an equIlibrium at 38.8 C.
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Skin teiiiperature rose from 36.1 to 38.6 C during Direct visua l evidence that the orientation of free-
the first 30 mm of exposure , and the fina l reading fly ing nocturnal migrants is affec ici by natur,, I
was at ut 0.1 C above baselin e . Uninterrupted fluctuations in the geomagnetIc field Is presented.
exposure to 500 and 750 raW/cm2 resulted in r,~(t a I Data obtained from ceilometer watch~ s and moon
temperature increases of I C and 1.7 C , respectively , watches during the sprin g and fall seasons revealed
At 500 n J/cm2 . the ‘,kln temperature initial l y  a significant relationshi p between the K index , a
Increased and then reached Its initial va l ue after measure of superimposed geomagnetic disturbance ,
6 hr. At 750 mW/cm2 , the skin temperature tended and the angular deviation in the flight direction
upward throughout the run and was about 2.8 C higher of free-fl y ing passerine migrants. Variables
after 6 hr than the initial reading . Rectal cooling reflecting geomagnetic activity before and after
rates at 500, 750 and 1 ,000 mW/cnn2 were 0.36, 2.64 , a watch were unimportant in both seasons , suggesting
and 3.54 C/hr , respectivel y, and the corresponding that any response to geomagnetic disturbance Is
skin cooling rates were 1.74 , 2.46, and 1.75 C/hr. immediate (within 3 hr) . It is not known wbet l
Such coo linq rates were sufficient to bring the the magnetic disturbances act directl y or indirectl y
core and skin temperature to norma l values in an on the avian orientation system.
hour or less , indicating that the thermoregulatory
mechanisms were not Impaired even at 1 ,000 mW/cm2
and that the monkeys were able to dissipate the
heat load following ces~at ion of radiation . The 5127 MICROWAVE ALTERATION OF THE BLOOD-BRAIN
i ,ooo mW/cm2 field applied to the primates is BARRIER SYSTEM OF RATS. (Er.’ i. )  Oscar ,
approximately equivalent to 400 iv*’J/cm2 in man. K. J. (U.S. Army MobilIty Equi pment R & 0 Coninand ,

Fort Belvoir , VA 22060); HawkIns , T. D. B,~:i, Rca
126(2) : 2 81-2 93 ; 1977. (34 refs)

5125 SOURCES AND BIOLOGICAL EFFECTS OF NON- The effect of microwave exposure on the uptake of
IONIZING ELECTROMAGNETIC RADIATION . (Eng.) saccharides in the brain of male Wistar rats were

Sosnicky . A. P. (Master ’s Thesis , Naval Postgraduate studied . A sing le 20-mm exposure to either pulsed
Sch. , Monterey, CA 93940). 73 pp.; 1976. [available (square wave) or continuous wave (CU) 1.3 GHz micro-
through National Technica l Information Services , wave energy induced an increase in the uptake of
Spring field , VA 22161 , Document No. AD AO32367). radiocarbon-labeled D-mannltol at average power
(46 refs) densities of less than 3.0 nM/cm2. The p ermeability

change was greatest in the medulla , followed In
The uses , characteristics , and possible hazards of decreasing order by the cerebellum and hypothalamus .
radiation emitted by conmiunicatlon s and radar equip— with small or neg lIgible changes in the hippocampus
ment are described , and a review of Soviet and and cortex. Although permeability increases were
Western studies on the biologica l effects of non— observed for mann i tol as well as for inu l in , they
ionizing electromagnetic radiation is presented. were not observed for dextran. In general , mannitol
Soviet studies of nonthermal effects indicate that uptake increased with increasing power density for
frequencies rang ing fran, 30—300 ,000 MHz at both both pulsed and CU microwave signals up to 0.5-2.0
thermogenic (greater than 10 n*4/cm2) and nonthermo- nM/cm’ where the brain uptake index (BUI) started
genic intensities are capable of producing subjective to leve l off and then decrease. Increased perme-
symptoms in n,an , which include weakness , dizziness , ability was observed both imm ediately and 4 hr after
depression , mental function Impairment , sex drive microwave exposure but not 24 hr after exposure.
inhibition , and gastrointestinal complaints. Genera l Pulsed energy with a high peak power , large pulse
clinical syndromes associated with microwave radia- widths , and few pulses/sec affected mann itol uptake
tlon exposure according to the Soviets include the at an average power density of only 0.03 i Ttd/c m2 ;
asthenic syndrome , autonomic dystonia , and the whereas , it took a CU energy of approximately 0.3 nM/
diencepha lic syndrome . Soviet studies at extremely cm2 to cause the same magnitude of change . BUI
low frequencies (50 Hz) and at fields strengths measurements for pulse rates ranging from 5—1 ,000
rang ing f rom 15-420 mwb/m2 Indicate that such expo— pulses/sec , pulse widths ranging from 0.5-20.0 usec ,
sures are capable of producing nervous system changes and peak power densities of 60-1 ,600 riM/cm2 suggested
associated with autonomic functions . Generally, that the BUI is a direct function of all three of
the syndromes and organ responses described In the above parameters. The effect of peak power on
Soviet literature have not been confirmed by Western rnann ltol seemed to be greater than the effect of
studies , which stress the therma l effects of micro- pulse width , and both appeared to have a greater
wave exposure (potential damage to the eye lens effect on permeability than the pulse rate. Micro-
and the testes). The Soviet maximum permissible waves appear to induce temporary changes In the
microwave dose for human exposure is 0.1 nM/cm2 permeability of the blood—brain sys tem of rats for
are compared wit h the United States standard of small molecular weight saccharides .
10 mW/cm2.

5128 A MICROWAVE IRRADIATION CHAMBER FOR SCIEN-
5126 GEOMAGNETIC DISTURBANCE AND THE OR1ENTA— T IF IC STUDIES ON AGRICULTURAL PRODUCTS.

TION OF NOCTURNALLY MIGRATING BIRDS . (Eng.) Olsen , R. G. (Dept. Electrical Engineering,
(Eng.) Moore , F. R. (Dept. Zoology, Clemson UnIv. , Washington State Univ. , Pullman , WA 99163) ; Geithman ,
SC 2963 1) . S , ~j e ,~ ’r 196(4290): 682-684; 1977. 6. A.; Schrader , D. H . IE’F E Tranc Mfcrcs.,,ave Theorr ~(27 refs) Techni ?u~s 25( 5)  : 1+28- 4 33 ;  1977. (22 refs)
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A wavegulde microwave IrradIa tion chanter in which The use uf radiometers for blon,ed~c,a l app l icatio ns
homogeneous agricul tural materials with sim p le needs a coherent unde rstand iiiq of the r ma l signals
geometrics can be heated un i formly In a controlled emItted by the tissues . Ii , the convtntlona l method ,
manner is described . A 25-kW microwave source the detected signal gene r all i depends on both th~
(915 MHz) was coup led to a WR-975 waveguide and temperature of the ma t ,r a al and t h ~ ref lect i r..n
terminated in a water load. The ma terial to be coefficient. These par. arreter s cannot be stri.arated .
Irradiated was formed Into a post and placed In the In this study an a l ro rnative method was esnp l c, rr -d
center of the waveguide. Thermocouple measurements that allowed either a d i r e c t  measurement of the
in p laster of Paris posts Indicated uniform heating temperature or a simultaneous dete rm lna ti ,n of the
of the samp le. A system for conducting i rradiation reflection coefficient and tI c temperature. Measure-
tests on soils was designed that overcomes nonuni- nents on organic liquids were performe d using an
form distribution of temperature during the cooling X-band radiometer wi t h  a FIT microwave amplifier.
period of the experiment. The soil was p laced Possibilities of applications for biomedical topics
inside a cylindrical container constructed of loss— are presented .
less dielectric. A hole was machined In the wave-
guide below the soi l and was covered by a thin
piece of a lum inum foil during i r rad iat ion . A p ipe
was used to connect the hole in the waveguide to 5131 MEASUREMENT OF ATP , ADP AND AMP IN MOUSE
a jar of cold water and a vacuum chanter , which LUNG AFTER INACTIVATION BY MICROWAVE
was sealed during Irradiation. Upon cessation of RADIATION (ABSTRACT). (E.avj..1 Hawkins , S. F. (Univ.
irradiation , the vacuum chanter was opened and Texas Hea l th Science Center at San Antonio , Dept.
the soil quickl y drawn into the cold water , d is— Pharmacology, San Antonio , TX 78284; Medina , 14. A.;
persed , and cooled quickly . Thus dIfferences in S tavinoha , W . B. Fed Proc 36(3): 480; 1977.
temperature In the sample existed for such a short (0 refs)
time that they were negligible.

Levels of adenos i ne triphosp hit e (ATP), adenosine
diphosphate (ADP) , and adenos Inc monophosphate

5129 TERATOGENIC EFFECTS ON RAT OFFSPRING OF (AMP) in mouse l ung were measured after the lungs
NON-THERMAL CHRONIC PRENATAL MICROWAVE were inactivated In viva by 6 kU microwave irradia-

I RRADIATION (MEETING ABSTRACT). (Eng.) Jensh , R. t ion (tfWR) for 440 msec. In another group the
P. (Dept. Anatomy , Thomas Jefferson University , l ungs were removed and homogenized in 0.4 N HCLO,,
Philadelphia , PA); Ludlow, J . ;  We inberg, I.; Voge l, w i t h i n  2 mm a f ter  sacr i f i ce  by decapitation .
14. H.; Rudder , T.; Brent , R. L. Teratology 15(2): In a th i rd group the lungs were i nactivated by
l4A; 1977. freeze clamping. There were no significant dIffer-

ences in the concentration of any of the metabo lites
Ten pregnant rats were exposed In an anecho~c cham- regardless of the method of tissue i nactivat ion.
ber to 10 nM/cm2 of microwave radiation at 915 MHz The absence of a decrease In the levels of these
for 8 hr daily throughout gestation to determine metabo lites in the decapitated group was not anti-
the effect on the offspring . Total exposure time cipated because of the rapid postmortem decrease
was 110 hr. It had been oreviousl y determined that in these metabo lites in other tissues. This may
dosage levels up to 10 nrw/cm2 were non-thermal; have been due to the presence of adequate post
i.e ., no increase in total body temperature was mortem P02 levels in the lungs . No ATPase activity
observed as measured by rectal thermistor probe . was observed in the MWR tissue. Although rapid
Control animals were p laced in the chanter for Inactivation may not be an important factor in
similar periods of time . All animals were killed preventing postmortem changes of ATP , ADP , and AIIP
on the 22nd day of gestation. The fetuses were In lung, r~p ia irreversible inactivation produced
removed , weighed , and fixed after recording position by MWR would eliminate the possibility of post-
and resorptions. There were no sIgnIficant differ— mortem changes in the levels of other labile lung
ences noted among the control groups , nor between metabo lites.
the contro l and irradiated animals for the follow-
ing parameters : entryonic or fetal death , abnorma l-
ity, term fetal weig ht , term placental weI ght ,
term litter size , fetal sex ratio , and maternal 5132 MAGNETIC ENHANCEMENT OF ELECTRON DOSE
wei ght and weig ht gain. These results indicate DISTRIBUTION ~N A PHANTOM. (Eng. ) Whit-
that exposure to a nonthermal leve l of microwave m ire , 0. P. (Dept. Physics , Univ. Southwestern
irradiation at 915 MHz throughout rat gestatIon Louisiana , Lafayette , LA 70501); Bernard , 0. 1..;
does not adversely affect the offspring. Peterson , 14. 0.; Purd y, J. A. Med Phye 4(2): 127-

131; 1977. ~5 refs)

5130 A MODIFIED RADIOMETER FOR TEMPERATURE AND The effect of a 10-kG magnetic field on the dose
MiCROWAVE PROPERTIES MEASUREMENTS OF BIO- distribution of electrons ir a pol ystyrene phantom

LOGICAL SUBSTANCES (MEETING ABSTRACT) . (Eng.) was studied to determine if radiotherapeutic tumor-
Mamouni , A.; Bliot , F.; Leroy, V.; Moschetto , y, to-skin dose ratio s can be Improved . I sodensity
In: Book of Ab8tracte of Seventh European Micro- p lots and depth-dose curves were obtained for 22-
wave Conference: The Internat ional Conference and and 28-mega electron volt (MeV) beams with and
Exhibition Deoigned for the Microwave Consrrunity. without the appl ied magnetic f ie ld.  For the 28- 14eV
5th—8th September, 1977, Copenhagen, Dennsu’k. 

~
,, beam , the maximum dose (density) region was shifted

71; 1977 . (0 refs) to about 3 cm below the surface of the phantom as
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compared with about 1 cm from the surfdce for magnet- achieved w i t h  vr- ry li,w in~ Idt r, t m i cr ~ ..~~ ~~ner
off conditions. The absolute value of the measured lev e lS . Interfer ir,e(ers based on three port circu la-
maximum dens i ty was about 20% greater for the magnet - t o rs were most sensitive but those based on nwri l~
on data. In addition to reducing surface dose , tee hybrids were easier to “pr-rate. M~ ven~~oi of
the magnetic field also produced a rap id falloff in the chest , handt . l,qs , .rrud eyei,.,Il has been studied
dose past the maximum-density reg ion . A comparison and p otential for ,,c~~urate correlation with ,.Ie~Iro
of the 28-PleV magnet-on case with the optimum encephalogram , electrocard iogram , or electroisyoqrai’i
magnet-off energy for treating a given tumor was records was demonstrated .
made , and at 12 MeV the magnet-off dose dlstr ibutlon
was found to fall off about as fast as the 28-MeV
magnet-on distribution for a 10-kG field. In addi-
tion to improving the tumor-to—skin dose ratio , the 5135 MILLIMETER WAVE THERMOGRAPH AS SUBCUTANEOUS
magnetic field is also capable of shaping the INDICATOR OF JOINT INFLAMMATION (MIETI ’i ,

distribution either symm etricall y or asymmetrically, ABSTRACT) . (!‘n~.) Edrich , J.. Sm~th . C. .1. A ’
allowing to some extent for the generation of an Book of Ab~~rac”a ~f Sevc-~:~h L’uro~xr . ik~~r’.!aVe-
opt imurn distribution for a given tumor volume . ( f ’ nr . - :  .1. - int. I’L~-2t Lonal .feri r.... :r.! E.r., :~~ —
Symmetrical d is t r ibut ion is produced by reversing t : n  L’eai~~ed for ‘ ha. ML ’rriJn ’c Co’ riunf~ .. tt~;-~~tl’.

the magnet ’s polarity halfway through the adminis— °P~~’~ 
r~ IS? ’. “~Penhage’r. 

Airu~~rk. ~~
. 71 , 1977.

tered dose , and the shape of this flared di stribu- (0 refs)
tion depends on the axis chosen for the reversed dose .
By shielding the fringe fields and holding the beam A techn i que for remote non lnvasia ~- mapp i ng of
axis constant for both polarity cycles , good sym— temperature elevations of human joints t’rIr t uses

metrical dose distributions have been obtained for the mm wave radiat ion emi t ted by the human body was
energ ies as low as 10 11eV, with the magnetic Bragg eva l uated . A solid state switched scanner for 68
peak occurring at a greater depth than the magnet- GHz. which overcomes the depth limi tations of con-
off 80% depth for energies less than or equal to ventiona l infrared thermographs and can measure to
25 11eV. Magnetic surface doses obtained with an subcutaneous depths of severa l mm w t h  a
18.2—kG field are approximately half the magnet-off ture resolution of 0.25 C was employed . Measure-
surface dose of the same energy. ments on rheumatoid arthritic knee Joint s showed

little correlation with simultaneou s l y measured
skin temperatures . Si gnif icant long-tern’ thermo-
graphic changes induced by s tero id  injection m d i-

5133 BIOLOGICAL EFFECTS BY MICROWAVES (MEETING cate a potential for objective patient mo nit w in q
AB STRACT). (Eng.) Berteaud , A. J. In: and deveIc~xnent of new treatment ire t hods.

Book o~’ Abe tract e of Seventh European Microwave
Conference: The International Conference and Exhibi-
tion Deeigned for the Micr .wave Coiriirrunity. 5th-
8th Sep tember, 297?, Copenhagen, Den,rv.rk. p. 64; 5136 INFLUENCE OF ALTERNATING ELECTRIC FIELDS
1977. (0 refs) OF TECHNICAL FREQUENCY ON CHICKEN EMBRYOS

(MEETING ABSTRACT) . (Eno. ) W ittke . C. (Dept.
The biol ogic effects of microwave radiation are Ve terinary Physiolo gy, Free Univ. Berlin , Koserstr .
reviewed. Topics covered include : protection condi- 20, 0-1000 Berlin 33, Germany) ; Bootz , A.; Bayer ,
tions and safety standards; the effects of low and A.; Brlnkma n , J. Pfl~aeaers Arch 368(Supp l.): R27;
high power density microwave radIatIon on unicellular 1977. (0 refs)
and p lurice l lular organisms ; the induction of hyper-
thermia , with emphasis on its role in cancer therapy; The effects of alternating electric fields on
and the nonthernia l effects of microwaves , chicken entryos were studied. Fifty or 100 eggs

from SPF hens were put Into the upper part of an
incubator (controls) . Simultaneous ly, anothe r group
of the same size was p laced beneath in a layer

5134 DESIGN AND APPLICATION OF SPECIAL MICROWAVE verticall y penetrated by alternating electric fields
I NTERFEROMETERS FOR NON-INVASIVE STUDIES (50 Hz) with intensities of 1 , 1 .5, or 5 kV/m

OF BIOLOGICAL EFFECTS (MEETING ABSTRACT). (Eng.) (related to the homogenic field) . Throughout the
Griffen , 0. W. In: Book of A,botracte of Seventh brooding period the usual p recautIons as to tempera-
European Microwave Conference: The International ture , humidity, and periodic turning of the eggs
Conference and Exhibition Veei5ned for the Micro— were observed. After hatching , the chickens were
wave Coninunity . Sth—8th September, 1977, Copenhagen, held below an Infrared lamp for 3 wk in a thermo-
Denrr,rk. p . 70; 1977. (0 refs) neutra i environment. Body weights were determined

daily. The hatch i ng rates of the fertilized eggs
Microwave Interferometers were designed to make non- on the three increasing steps of field intens i ty
contact measurement of the movements associated with were 88 , 80, and 8I~z , respectivel y. The correspond-
various physiologic functions such as respiration , ing data in the control groups amounted to 80, 82 ,
pulse , muscle action , reflexes , and involuntary and 57% , respectivel y. The growth of chickens from
tremors. For each interferometer the factors eggs within and outside electric fields was ide-n t cal.
affecting resolu tion across a large moving surface , The grasp reflex was normal. These findings contro-
sensitivity to small amplitude displacement , and dict the results of a previous study in which
maintenance of calibration were studied and accurate chickens exposed to electric fields during incuba-
direct measurement of surface displacement was tion exhibited malformations of feet and a high
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nor~al ity rate. It is hypothe sized that the aitera- increased penetration and Ies~ in.~ er deposition in
tions noted in the earlier study were caused by superficial fat layer ... Nume ri c solutions to a
ra~~tors other than electric fields , biologic mode l of Mi e s theory for spherical scatter-

ing have resulted in some very Interesting in t ,-rna l
power depos i tion prof i les .  For examp le , a 14-cn,
d iameter  spherical body, (lie size of a human head ,

5I~~7 PGE 1 -STIMULATION OF ADENYL CYCLASE IN THE focuses substantial amounts of power at i t s  cente r
BRAIN OF RATS EXPOSED TO LOW POWER DENSITY (much like a spherica l lens) at 915 Mlli . Other re-

MICROWAVE RADIATION (MEETING ABSTRACT) . (k’n;j .) suI t s have indicated that the maximum power absorp-
Catrav ds , G. N . (Armed Forces Radiobio logy Res. tion resonance region for ian occurs near 70 MHz
Inst .. Defense Nuclear Agency, Bethesda , MD 20014); when man ’s height equals the free-space wavelen gth
Katz . J. B .; Takenaga , J. Radiat Ree 70(3): 691; multi plied by a factor of 0.4. These theories and
1977. (0 refs) experiments have further indicated that the power

absorption va r ies  great l y with the orient ation of
Groups of male Sprague-Dawley rats were exposed to a biologic body wi th respect to the electromagnetic
continuous wave microwave radiation (2,450 MHz, 15 field vectors.
rr4I/~ ) in an anechoic chamber. The animals were
i rradiated 8 hr/day for 5 wk between 0800 and 1600 hr.
During exposure the animals were confined in styro-
foam cages , the inner walls of which were coated 5139 ECOLOGICAL INFLUENCE OF ELECTRIC FIELDS .
wi th qui nine to prevent tie rats from chewing (Ens.) Kornberg, H. A.; Bankoske , ~~. U.;
through the walls of the cages. Control animals. McKee , C. W .; Graves , H . B. (Westinghouse Electric
effective l y protected from the microwave beam, were Corp., 700 Braddock Ave., East Pittsburgh , PA 15112).
kept in the same exposure chanter under the same 47 pp., 1976. [available throug h Nationa l Technical
environmental conditions as the experimental animals. Information ServIces , Spri’i g fieid , VA 22161 , Docu—
An increased sensitiv ity of brain adenyl cyclase ment No. PB 260 6411. (6 refs)
to PGE 1 was observed wi th a s h i f t  of the dose/
response curve to the left, This shift seemed to Studies on the effects of electric fields on p lants ,
be more pronounced in i r rad iated animals sac r i f i ced  meadow voles , chicks , and ch i cken entryos are
8 hr postexposure than among those sacrificed reported . Plant leaf tip danage was observed for
i mmediatel y after remova l from the exposure chanter, certain pointed leaves at f i e l d  in tens i t ies  of
However , the maxima l adeny l cyclase activity did not kV/m or greater , but no leaf tip damage was observed
appear to be affected, at field strengths of 20 kV/m or less. The damage

observed was minor , however , and self-limiting.
Elec tric fields no greater than 17.2 kV/m are
anticipated 2 m above ground level underneath 1500-

5 138 THE ROLE OF RADIO SCIENCE IN INVESTIGAT ING kV transmission l ines. Meadow voles were exposed
ELECTROMAGNETIC BIOLOG I CAL HAZARDS. (Eng.) to 50 kV/m f ields for periods up to 4 wk , and no

Johnson , C. C.  (Dept .  Bioeng ineering, Univ.  Utah , s t a t i s t i c a l l y  s ign i f i can t  e f f ec t s  as a resu l t  of
Salt Lake City, Utah 84112) . Rad~’c .‘~c’~ 12(3) : this exposure were observed. Chicks exposed to 40
349-354; 1977. (42 refs) and 80 kV/m f ie lds  exh ib i ted  a short term increase

in early growth , which amounted to 5-lOt in magni-
The invo l vement of the URS I in research concerning tude for body weight differences; however, there
the possible human hazards of electromagnet ic radia- we re no observed dif ferences between exposed and
tion is discussed. Particular areas of interest to unexposed chicks by 20 days after hatching. No
the URSI Include metrology for providing better effects from short-term exposure to fields up to
electromagnetic field and absorbed power measure- 67 kV/m no egg hatchabi t ity or embryo behavior were
rents in biologica l specimens and the app lication observed.
of field theory techniques to the determination of
absorbed power in three—dimensiona l biolog ic models.
Techniques that have been devised for the measure-
ment of temperature and electromagnetic fields in 5140 RADIO FREQUENCY ERADICATION OF TUMOURS .
tissue include an imp lantable probe with a very (En9.) Wha lley , U. B. (891 Loma Verde
small thermistor and carbon-loaded Teflon lead wires . Ave., Palo Alto , CA 94303). -~lectrori,,r a~:~ Pow.~ra liquid crystal fiber optic system , a combination 23(5): 415— 417; 1977. (2 refs)
of fiber optics with a Faraday-rotation optical
crystal , and thermographic camera measurements using An electric field approach to the radiofreguency (RF)
phantom materials. Theoretic dosimetry calculations eradication of tumors s describ ed , Preliminary ex-
are being used to predict absorbed electromagnetic periments involving the use of a 300-W amateur radio
power in tissues . Multi-layer analyses have re- transmitter to heat a sodium chloride water solu-
sulted in significant understanding of the micro- tion , similar In salt concentration to human tissue
wave absorption properties of tissue structures and and blood , indicated that passing an electric cur-
have provided specific Information about the optimum rent through the solution resulted in un i form tern-
frequency for microwave heating app lications. Theo- perature increases throughout the solution . A ther-
ries based on the consideration of a plane wave mometer , wh i ch was 15 cm away from the electrodes ,
incident upon a p lanar multi-layer biologic sample rose uniformly wi th thermometers close to the d cc-
indicate that a microwave diathermy frequency of trodes . For experiments on dogs and humans , a fre—
915 MHz is more desirable than 2.45 GHz because of quency of 13.56 MHz and a current magnitude of 0.2 A
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(root mean square)/cm of electrode diame ter were 5142 R.AD IOFREQU ENCY HEATING OF TUMOURS i i ~ R0
chosen . It was necessary to tie together the Outer DENTS. (b . H q . )  Dic ~ -,on . .1. A.  (Can -~er
sheaths of the coaxial cable lead w i res  at the ends Res. Unit , Univ. Dept. Clinical Biochemistry, ~oya I
close to the electrodes to provide optimum current Vi ctoria Infirmary . Newc as t le upon T yne , Great
flow between the electrodes. An Induc or was in- Britain) ; Calde rwood , S. K.; Jaslew icz , 11. L. -

se r ted inside an insu la t ing handle attached to the 
~~~~~~~~~~ 13(7) : 753-763; 1977. (42 r e f ~~)

elec trodes to neutralize the capacitive reactance
between the e lect rode and the body t i s s u e . A d i rec t  The use of low power ( l ess  than 6 .~ radi I requency
current inverse feedback loop between RF output and ( 13 . 5 6  MHz) heating for the t reatment of rodent
the master crystal oscillator was used to provide tumors is reported. The tumors were inc l uded In
high s t a b i l i t y  at a g iven power setting and constant the output circuit of the radiofrequen cy generator
current at various electrode spacings . Experiments by capacitive coup ling between paddle electrodes ,
with dogs and humans indicate that the usual time which were app lied directly to opposite sides of th e
for a successful treatment of a tumor is 30 m m .  In t umor mass. A l00~ regression rate was obtained for
general , human malignant tumors change to a sack of MC7 sarcomas and Yoshida sarcomas (tumor volume ,
li quid containing dead cells after RF treatment. If 1—1. 5 ml) growing subcutaneous l y in the foot or
the tumor is less than about 50 mm in its largest flank of rats when these t umors were heated at 45 C
dimension , the patient ’s body automatically removes for 15 m m .  When large (6-12 ml) Yosh i da tumors in
the liquid and dead cells through the normal cir- leg muscles were heated at 45 C for 30 mm or 50 C
culatory system. When the tumor is larger , the for 15 mm , al l rats died soon af ter  t reatme nt. Sub-
liquid from the treated tumor can often be removed cutaneous D23 carcinoma s (0.7-1.5 ml) in rats were
with a hypodermic needle. The method allows for the not cured by hyperthermia at temperatures up to 45 C
selective destruction of t~mors and damages only a for 15 m m .  Mice bearing Ehr lich ascites tumors .
very small volume of tissue directly in contact wi Lh which were heated at 42 C for I hr . 4 3 C for 30 mm ,
the tumor, or 44 C for 15 mm died during or imm ediate ly  af t e r

heat ing as did norma l mice receiving the same h ypo-
thermic treatment. When both rear legs of rats
bearing 6 ml intramuscular Yoshida tumors were

5 14 1 TEMPERATURE MEASUREMENT IN MICROWAVE D1A heated to 45 C for 15 m m , the normal muscle of the
THERMY FIELDS : PRINCIPLES AND PROBES. rat maintained a tem perature that was consistently

(Eng. ) Cetas , T. C. (Temperature Section , Heat 2-3 C higher than the tumor. The electrical resis-
Div. , Natl .  Bureau Standards , Washington , DC 202 34) . tance of the heated t i ssue  was not altered by the
12 pp; 1976. (avai lab le through National Technical presence of tumo r , and it appears that blood f l ow
Information Services , Spring f ie ld , VA 22~61 , Documen t in this tumor was greater than In adjacent normal
No. PB 259 744] . ( 17 refs) t i ssue .  Therefore , there seems to be an upper l i m i t

on the temperature/ t ime regime’i that can be used to
P robes for measuring temperature in microwave dia- destroy the tumor.
thermy fields are discussed . Although thermistor-
based devices assembled w i th  microwave integrated
ci rcui t  techniques are sui table for measurements in
media that absorb power (heat) as readi ly  as bone , 5143 ENDORPHINS IN BRAINS OF DECAPITATED AND
they are unsuitable for nonabsorptive materials. MICROWAVE-KILLED MICE. (!~‘n7.) Cheung,
Developments in passive thermometer probes Include A. L. (Addiction Res . Foundation and Stanford Univ.,
an optical thermometer probe that uses onl y dielec— Palo A l to , CA 94305); Stavinoha , U. B.; Goldstein ,
tr ic nonabsorptive components. A probe that uses A. Lij ’.~ Sci 20(7): 1285-1290; 1977. (27 refs)
the reflectunce of red light from a mixture of liquid
crys tals as the sensitive parameter has been de- The size distribution of op ioid peptides (endorphins)
veloped with a temperature range of approximately in the brains of Swiss male m ice undergoing e t ~ er
25-50 C and an instrumentat ion resolution of better decapitat ion or quick k i l l i ng  by microwave irrad ia-
than 0.1 C. Hysteresis effects and drifting in the tion (2,450 MHz for 200 msec) was determined by gel
liquid crystal result in temperature uncertainties filtration , Inhibition of %tereospecific ~~~~~~~~
of 0.3-0.5 C. Another type of liquid crystal ther- etorp hine binding to guinea pig brain membranes was
mome ter has been developed that uses the optical used as a measure of endorphin activity. Three peaks
rotary power of the l iqu id  crysta l mixture . A sand- of endorphin a c t i v i t y  were observed. The f i r s t  peak ,
wich composed of a dichroic polarizer , the liquid jus t beyond the void vo l ume , eluted in the posit ion
crystal mix ture , a polarization anal yzer , and a m i r ror tha t would correspond to 8—endorphln. This also
are attached to a bundle of op t i ca l  f ibers ; the re- corresponded to the elut ion behavior of the 3, 000-
flected lig ht intensity is related to the sensor da lton endorphin found in beef brain. The second
temperature. An optica l thermometer that uses the peak , of intermediate size , probably corresponded to
birefr ingence of a pure sing le crystal  as the ther- the endorphin of about 1 ,400 daltons in beef brain.
mometric parameter has also been constructed. The The th i rd peak , which emerged beyond the salt volume ,
sensor consists of a dlchroi c polarizer , the c rys ta l , d oted in the same position as 3H-leuc ine-enkep halin .
and a dielectric mirror mounted at the end of a pair in all three experiments , every peak had somewhat
of fiber optic bundles. Output signals from the lower activity af ter  decap i ta t ion  than af ter  micro-
1a~ ter type of probe range from 0 .1 - 1  V , w i th  sensi- wave k i l l i n g , suggesting that some degradation may
tivit l es of up to 30 mV/°C. The noise level is less have occurred in situ after decap itat ion . However ,
than 1 mV. Thermometers based on this princip le have there was no indIcation of preferent ia l  loss of any
been designed with a temperature range of 11-68 C. peak In the decapitated animals as compared with
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those killed by microwave Irradiation. The possi- organ i zed as in a li quid cry stal , the van der Waals
bi l ity of differential degradation of the three peaks forces would be strong enough to couple one nole cule
during the binding assay was investigated by per- to another , producing a swarmllk e Structure. It is
forming assays with and without bacitracin , an in- suggested that a biolog ic system with molecular
hib itor of peptidase action on op ioid peptides. properties of swarming could act as an inform ation -
The relative contribution of any particular size processing device. A chain of neurons with t h i s
class to the total brain endorphin activity was not property could detect the forces of an electric
found to be selectively underestimated in the ori gi— field app lied along the chain. The cerebellum is
nal experiment. Oploid peptid es of all three size suggested as being a highly organized structure that
c lasses  appear to be present In the brain in vivo . is suItable for testing this model.

5 1 44 THE HUMAN MAGNETOENCEPHALOGRAII: SOME EEC 5146 EViDENCE FOR ELECTRiCALLY INDUCED PARTIAL
AND RELATED CORRELATIONS. (Eng. ) Reite , STRAND SEPARATION OF DNA . (En;.) Pollak ,

N. (EEC Lab., Dept. Psychiatry , Univ. Colorado M. (Dept. Physics , Univ. California , Riverside , CA
Medical Center , 4200 East Ninth Ave., Denver , CO 92502); Click , H . A. Biop ol ’.ime re 16(5): 1007-1013;
80220); Ziimnerme n, J. E. ; Edrich , J.; Zininerina n , ~ 1 977. (8 refs)
EZec~r.enoep haZogr CZin Neurophyeiol 40: 59-66;
1976. (13 refs) El ectrically induced changes in optical properties

of calf  thymus DNA-salt so lu t ions  were measured .
Simultaneous magnetoencepha lographic (MEG) and alec- Electric fields were applied in the form of 50-300
troencephalographic (EEC) data were recorded from tisec pulses at field strengths up to 20 ky/cm. The
six normal adult subjects in a shielded enclosure , following qualita tive predictions expected from the
MEG signal strength and EEC voltage leve l appeared theory of electrically induced partial denaturation
to be linearl y correlated. Spectra l analysis sug- of DNA were observed: a decrease in the reduced
gested that the MEG and EEC data were produced by dichroism at high fields , a concurrent Increase in
similar but non i dentical generator systems . A well— the absorption coefficient , a crItica l field (about
defined vertex region-evoked resp o nse to a visua l 14 kV/cm) above which the first two effects began to
f lash was recorded in only one of four subjects cx- occur , a decrease in the magnitude of the above ef-
posed to the st imulus ; the response was similar to fects with increasing salt (sodium phosphate) con-
the simultaneous EEC evoked response , wi th the two centration , and a return to the status quo ante
responses being nearly 180 degrees out of phase. In after short pulses (about 50 usec ) . The above cx -
this case, cortical negativity was associated with perimenta l findings support the prediction that
a magnetic field directed into the scalp. Eye move- fields of the order of 10 kV/cm can induce a partial
rent artifact , which can seriously compromise EEC strand separation in DNA.
recordings , did not appear to be a major problem in
MEG recordings .

5147 THE PROPERTIES OF BIRD FEATHERS AS CON-
VERSE PIEZOELECTRIC TRANSDUCERS AND AS

5145 THE PHYS I CAL CHARACTERISTICS OF EM FIELD RECEPTORS OF MICROWAVE RADIATION. I . BIRD FEATHERS
I NTERACTION WITH MOLECULA R SYSTEMS. (Eng.) AS CONVERSE PIEZOELECTR IC TRANSDUCERS. (Eng. )

Anonymous . (No affiliation given) . Neuroeci Re8 Bi gu-Del-Blanco , J. (Anatomy Dept. ,  Queen ’s Univ. ,
Progrwnr BuZZ 15(1): 62—64; 1977. (0 refs) Kingston , Ontario , Canada) ; Roinero-Sierra , C. Bio—

teZemetry 2: 34 1-353 ;  1975 . (22 refs)
The interaction of electromagnetic f ie lds w i th
molecular systems is discussed. Electromagnetic The properties of bird feathers as piezoelectric
(EM) waves penetrate a conducting material to a transducers In the audiofrequency range and as d i-
depth that is a function of the frequency of the electric receptors of electromagnetic radiation in
wave and the conductivity of the material. There- the microwave range were studied . Parts of the
fore , EM waves exhibit skin effects , i.e., they re- inne r and outer surfaces of calami removed from bird
main near the surface of most conducting ma te r i a l s ,  feathers were painted with silver paint , and two
For the microwave spectrum , maximum energy absorp- fine wire electrodes were electrically secured to
tion in tissue occurs near the surface and decreases each painted surface . Excitation of the feathers
sharp l y at increasing depths. The magnetic compo— was performed with an audio am plifier and matching
nent of an EM wave could interact w ith the magnetic transformer that were driven by a sine wave oscil-
component of sp inning atomic nuclei , but even for lator . The excitation voitage (100-300 V , peak-to-
a magnetic field of 10,000 C, the energy of Inter- peak) was swept through a frequency range of 1-20
act ion would be of the order of I Kelvin (K) , and kHz. Mechanical vIbrations induced in the specimen
the coupling of such a field with brain tissue would by the applied sIgna l were detected wIth a p iezo-
be negligible. The coupling energy in the earth ’s electric ceramic phonograph car tridge or with a low
magnetic field is of the order of 10-8 K for typical Impedance broad—band electromagnetic transducer.
ring molecules oriented with the magnetic field , The phonograph cartridge gave little response above
Ring l ike structures , such as , benzene or naphtha- 15 kHz; whereas , the electromagnetic transduce r had
lene , which act like diamagnetic material , are un- a frequency range extending to the MHZ range. The
l i k e l y  to be the bas is  of a signIficant Interacti on results revealed p lezoelectric resonances In the
with EM fields . However, if tissue molecules are 1—20 kHz region for the calami of feathers . A
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linear relationship between specime n electrical Out 5150 ELECTRIC BIR EFRIN GENCE STUDIES OF CARTILAGE
put and electric field strength between the elec- PROTEOGLYCAN AGGREGATION . (~‘n’;.) Fower-
Erodes indicated that the observed effect was aker , A. R. (Physics Dept., Brunel Univ., Uxbridge ,
strictl y first order (piezoelectric) rather than Middlesex , U.K.); Isles , M .; Jennings , 8. R.; H.mr-
electrostr ictive (dependent on the square of the dinyham , T. E.; Muir , H. 8iopolyme ;~s 16(6): 1367-
electric field) . Signa l amp litude at resonance 1369 ; 1977. (10 refs)
decreased as a function of IncreasIng feather area
subjected to electrical stress. Increasing relative Electric birefringenc e measurements were made 0 a
humidity decreased the amp litudes of the resonance sample of pig laryngeal proteog lycan exposed to
peaks , and increasing temperature resulted in a de— electric fields , Electric field s of up to 600 V/cm
crease in resonance frequency . The electric field with pulse duration s of up to 160 msec were app lied
strength across the specimens excited was about to solutions of proteog l ycans in distilled water
22 V/cm per V of app lied voltage. Thus , for the cont dinlng 209 ~g/rnl of uronic acid. The samp le
voltages normally used , electric field strengths of exhibited a large blrefringence and a rotary relaxa-
severa l thousand V/cm were obtained . tion time of 3.6 0.3 msec. A hyaluronic acid

solution of 20 pg/ml uronic acid (approximatel y 60
ug/mI of hya luronic acid) was added in Steps of

5 1 48 THE EFFECT OF WEAK MAGNETIC FIELDS ON SOME 0.1 ml to 10 ml of the proteog l ycans solution and
BACTERIAL SPECIES. (Rue.) Vyorkin , B. , successive optica l transients were recorded. Bire-

(Physio—Technical Low-Temperature Inst., Acad. fringence ampli tude changed si gnificantly, and its
Science , USSR) ; Bondaryenko , S. I. ; Sherme t , V. I, ; sign was also possibl y changed . A change in bire-
Tsutsaeva , A. A.; Safonova , 1. S.; Yurchenko , G. C. fringence sign s consistent with the reversal of
‘!ikrobic~c;iia 45(6): 1067—1070; 1976. the optical an i sotropy from the proteog l ycan to

the aggregated molecules . The relaxation tim e of
The effects of weak magnetic fields on bacterial the comp lex was about 650 30 msec of 180 time s
species are described. The bacteria invo l ved in that of the constituent proteog l ycan molecules.
this stud y were Eackeric’ia coli, Stap hy lococcue Treating the individual proteog l ycan molecules as

~~~ 2~~? , Serratia marcescen8, &zcteriodee ~~thra— 
prolate ellipsoids of 40 nm semim inor axes , a roL.ry

co~ J.es. The bacteria were cultivated in a weak relaxation time of 3.6 ± 0.3 msec corresponds to
magnetic field for 4 mo and transferred to fresh a molecular length of 380 20 nm , which is in
medium every 18 hr at 37 C. The control bacteria reasonable agreement with a previous estimate of
were grown in the same way under conditions of a 300-400 nm and wh i ch suggests that the molecule
constant geomagnetic field. Every 15 days , the was max imally extended under the conditions of low
microorganisms were checked for change . Changes in ionic strength used in this stud y.
staining , morphology, culture and biochemistry
occurred after 2 mo. Metachromatic deviations were
seen in gram stains of K. coli and S. mar cescene. 5151 DIATHERMY VERSUS THE MICROWAVES AND OThER
Ii, ~~~~~ aureus 209, disconnected single cocci RADIO-FREQUENCY RADIATIONS: A ROSE BY
predom i nated; in 3ac. anthracoidee, rod dImensions ANOTHER NAME IS A CABBAGE . (En.i.) Justesen , 0. R.were larger , and they stained more Intensely. Under (Lab. Experimental Neuropsychology , US Veterans
the protracted influence of weak magnetic fields , Admin. Hosp ., Kansa’ City, MO 64128). Radio Science
gas and acid formation of the bacteria either In- 12(3): 335-364; 1977. (31 refs)
creased or decreased depending on the type of sugar
in the culture medium. Weak-field and strong-field hazards associated with

microwave and radiofrequency radiation are discussed .
Focal or general therma l insult from simple heating

5149 MECHANICAL MASSAGE WITH ELEC’~’ICAL FIELD: of tissues can , in princ pal , result from exposure
A NEW COMBINATION THERAPY . i Ger.) Klem , to fields as low as or even lower than 1 nM/cm2,

J. (Rontgenabteilung , II. Med. Univ .-Kli ni k , ZIems although the practica l lIkelihood of damage at t h i s
senstrasse 1 , 8 MunIch 2, W. Germany). Fortechr density is remote. There is a scientific consensus
Med 95(13) : 851 , 854; 1977. that exposure to radiofrequency fields of high flux

densi ty, 100 n~.I/cm
2 or more , are thermally dangerous ,

The pain-relieving effect of vibratory massage com— and there is an Increasing prevalence of belief that
bined with electrical field (0—30 v) was studied lengthy exposures to fields between 1 and 100 n~,4/cm

2

in 44 patients with ~elosi s of the splen i us and may be thermall y dangerous . An imal  exp e r iments  w i t h
trapezius muscles and traumas. The pain threshold microwaves have produced paradoxlc results In some
was measured by the Seeligmuller—Trumme r alg lme tric cases . When male mice were irradiated with 3-cm
method 5 mm after treatment. The treatments were microwaves for 4.5 mm /day, 5 days/wk for a maximum
g iven four t imes  a day. V ib ra to ry  massage combined of 59 wk at an incident power dens i ty of 100 n*Jfcrn2 ,
with electrica l field increased the pain threshold radiation-Induced testicu lar damage was observed ;
by 30-40*, while massage alone caused an increase however , an analysis of the survival data indicates
of onl y 15—20* . The pain threshold Increased by that irradiated mice lived longer than controls. In
98* after 12 treatments in cases of recent trauma , another experiment where fetal mice were irrad iated
The combined therapy also alleviated mild inf lam— with 2,450-MHz microwaves and were then injected on
matory processes and improved motion . It Is recom- the 16th day postpartum with a homogenate of a
mended for the treatment of rheumatoid dIseases , lymphoreticular cell sarcoma , the irradiated mice
neuralgIa , and dull trauma , had a low incidence of tumor takes ( 3/24) as compared
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with controls (11/24), suggesting that intrauterine wave radia tion (300 MHz to 300 GHz), particul a rl y
exposure to microwave radiation may enhance the for temperature-sensitive systems such as the avas-
development of imunologic competency. It is cular lens of the eye and the male gonads. Short-
suggested that onl y when dosimetry is adopted as a term acute exposures of animals to power levels in
rule of procedure in the laboratory wi l l  consensua l excess of 100 eM/cm2 have been observed to cause
resolution to the existence and nature of weak-field cataracts and temporary sterility. Recent reports
hazards , therma l and nonthermal , be achieved , suggest bIologic effects on the central nervous

system (CNS), heart , and chromosomes, In addition
to the effects of radiofrequency he at ing , as a
result of exposure to low levels (less than 10 rrf,mJ/

5152 ON MICROWAVE-INDUCED HEARING SENSATION. cm2) of nonionizing radiation . The effects are
(E’ng.) Lin , J. C. (Dept. Electrical and apparently separate from generalized heating in jury.

Computer Eng ineering, Wayne State Univ., Detroit , Regarding exposure to extra-high voltage transmis-
MI 48202). TEE~’ Trans frcc oL~wJ Theor m Techr.i.q14e8 sion lines (345 kV or above) , most studies fail to
25(’) : 605—613; 1977. (28 refs) revea l any prompt or acute adverse effects in humans

or animals. However, effects of extreme l y low fre-
A theoretic anal ysis of the acoustic wave generated quency (ELF) fields on the CNS have been reported ,
in the heads of animals and man exposed to pulsed which suggest that ELF field thresholds are frequency-
microwave rad ia t ion as a result of rapid thermal dependent and affect the CNS in a manner that takes
expansion is presented. Using a spherical model of days to full y attenuate. Research is continu i ng on
the head , the problem was formulated in terms of the effects of ELF , particularl y in the 60 Hz range ,
thermoe lasticity theory in which the absorbed micro- which is the standard frequency of electrical power
energy represented the vo l ume heat source , which in the United States. Other sources of nonionizing
depended on both space and time. The m nhomogeneous radiation include near-visible ultraviolet light and
thermoelastic motion equation was solved for the visible light. Reactions elicited in humans by such
acoustic wave parameters under stress—free surface radiation occur in the presence of photo sensitizer s
conditions using boundary val ue technique and Duha- or under abnormal conditions such as those invo l ved
mel ’s theorem. The numeric results indicated that in immune system hypersensitivity.
pulsed microwave-induced sound pressure amp litude
depended on both pulse width and peak power density.
In addition , there is apparently an optimal pulse
width for maximum sound pressure generation , which 5154 BIOLOGICAL EFFECTS OF MICROWAVE RADIATION.
varies according to the sphere size and the frequency (PoZ.) Bogucka , A. (Affiliation not
of the im ping ing radiation. For a peak absorbed g ven). Ochrona Prac’.i 31(2): 4-5; 1977.
power density of 1 ,000 eM/cm3 wh i ch corresponds to
600 mW/cm2 incident powe. at 2,450 MHz impinging on A tota l of 72 workers exposed to electromagnetic
a 3-cm spherica l head , and to 2,200 nM/cm2 incident fields in television and radio work in the USSR had
power at 918 MHz imping ing on a 7-cm spherical head , a variety of complaints from epigastric pain to
the pressure amplitudes generated at the center of hyperacidity ; hypoac idity was seen in persons work—
the sphere are 15—30 dB above the reported threshold ing longer than 10 yr. In 69*, functiona l disorders
of hearing by bone conduction (60 dB) 0.0002 dyne! of the centra l nervous and cardiovascular systems
cm2, 5-10 kHz) for pulses between I and 50 usec wide , were observed . Microwave irradiat ion also led to
Estimations of the fundamental sound frequency leukopenia and simultaneous eosinophobia of the
generated inside the head show that the frequency blood . These dIsorders were initially reversible
varies from about 8 kHz for a man—sized sphere to in the majority of cases , but long-term radiation
approximately 80 kHz for a small animal’ s head , such could turn them irreversible requir ing thorough
as mouse ’s head. Assuming an equivalent radius of treatment. Occupationa l change was seen as indi s-
1.5 cm for the brain of a guinea pig, a fundamental pensible for afflicted workers. Contraindicatio ns
sound frequency of 48 kHz is calculated; this is in for this line of work include active tuberculos is ,
reasonabl y good agreement with the 5O-kHz cochlea diseases of the blood , central nervous system ,
microphonic osc illations recorded from the round endocrine g lands , and eyes , and vegetative neurosis.
window of gu i nea p igs. Periodic medical checkups with particular attention

to eyes , central nervous system , alimentary tract ,
and the hematopoietic systes- were considered a
necessity.

5153 PHYSICAL ENVIRONMENTAL FACTORS. (Erig.)
Ferris , B. G .; Cook , R .; Elder , J. A . ;

Horvath , S. M .; Lamola , A.; Mill s , W. A.; Storer ,
J. B.; Von Gierke , H. E .; Walsh , P. In: Human HeaZth 5155 POLLUTION CAUSED BY HIGH FREQUENCY ELEC-
and the Environment——Some Reeearch Needs. (Washing- TROMAGNETIC FIELDS . ‘Ita. ) Bernardi , P .
ton , DC: Dept. Health , Education , and We l fare): (No affiliation g iven) . Scur1t28 61(1-2): 9-16;
Report of the Second Task Force for Research Planning 1976. (0 refs)
in Environmental Health Science. vol. 2, pp. 127-
181 ; 1977. (96 refs) Protection from electromagnetic pollution due to

microwaves (300-100 ,000 MHz) or radiofrequencies
The biologic effects associated wIth various forms (1-300 MHz) generated by communication systems ,
of noni onizing radiation are reviewed. Thermal radar and science installations , medica l apparatus ,
hazards have been established for exposure to micro - domestic appliances , and industrial machinery is
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discussed . Ther m a l (general or localized) and non- to the microwave E field for exposure to 2 ,450-MM,
therma l (weak or strong) effects are reviewed with microwave radiation . The instrument delivered 5.5
reference to machinery using electromagnetic heating. kW directly to the mouse head . After 200, 300. or
Studies usin g electromagnetic models have established 400 msec of microwave exposure , the mean GABA leve l
that the type of irradiation source (shape , dimen - was 1.9 imol/g of tissue. After exposure to 200
sions , and Interaction area), the location (housing msec of microwave radiation , the activity of g lu t~m-
of i ron or reinforced concrc~e; other objects present mate decarboxy lase and GABA-transaminas e was 5 and
in the area) , and the type of irradiated structure 25~ , respectively, that of control values . From
(humans , animals , and in vitro tissues) are the these results , 200 msec was chosen as an adequate
factors which influence the Interaction of electro— time to stabilize postmortem brain GABA levels.
magnetic waves and biolog ic tissue . Severa l methods The GABA concentration in the brain of microwave-
for measuring increased body temperature resulting irradiated mice was comparable to that found in
from exposure to radiofrequency machinery are l i s t e d , mice and rats a f te r  rap id f reez ing . A comparison
Screening i r rad ia t ion  sources , heating part of the of decapitated versus i rradiated mice indicated
mach inery , modifying machinery hot s log , wearing that the levels of brain GABA in the decapitated
protective clothing, and working shorter hours are group were 14% hi gher than those found in irradiated
suggested as protective measures against electro- anima ls. If the brain was removed and allowed to
magnetic p ollution . remain at room temperature for 30 mm prior to

homogenization , the brain GABA levels increased by
19% in decapitated mice , while no difference was

5156 MICROWAVE RADIATION-MEDICAL SURVEILLANCE . 
irradiated anima ls. Therefore , exposure

(F.~~j .) Tyler , P. E. Pre8ented at the prevented postmortem elevation of brain GABA. When
1976 ,2nternatwnal Mz.crowave Synrpostum i~n Cherry GABA levels were determined in eig ht discrete brain
.lh.lls, NJ). 5 pp.; 1976. (0 refs) areas from six animals killed by exposure to 200

msec of microwave radiation , the lowest GABA values
A p lan for medical surveillance of workers occupa— were found In the cerebellum (0.88 ± 0.08 jrnol/g)
tio nal l y exposed to microwave radiation is discussed , and the hig hest in the hypothalamus (3.55 ± 0.08The Medical Surveillance Subcommittee of the Amen — molt
can Nationa l Standards Inst itute is developing a ~
physical examination , which is designed to protect
both the emp loyer and employee; at the same time ,
this examination may provide a basis for observing 5158 lEVELS OF CYCLIC NUCLEOTIDES IN MOUSE
trends in the phys i cal condition of employees REGIONAL BRAIN FOLLOWING 300 MS MICROWAVE
exposed to electromagnetic radiation . The Committee INACTIVATION. (Eng.) Jones , D. J. (Dept. Anesthe-
recommends that a normal industry pre—emp loyment siology and Pharmacology , Univ. Texas Health Science
phys i cal examination be developed encompassing the Center , San Antonio , TX); Stavlnoha , W . B. J Neuro—
following tests : lip id profile (fasting samp le) chein 28(4): 759—763; 1977. (27 refs)
including total lipids , cholesterol , trig lycerides ,
and phospholip ids ; serum cortisol (morning sample); The uniform i ty and speed of i nactivation of mouse
immunog lobu lin electrophoresis; complete blood brain adeny late cyclase , guany late cyclase , and
count test including hematocrit (capillary tube cyclic nucleotide phosphodiestera se were measured
methods) , white blood cell count , red blood cell after white Swiss mice were exposed to 6—kW of micro-
count , and differential; dilated ophthalmologic wave radiation . Inactivation of the enzymes was
examination including a biomicroscopic examination uniform throughout the brain during microwave heat-
for opacities , vacuoles , and posterior subcapsular ing . Activities of adeny late cyclase , phosphodies—
irradiance; opthalrnoscopic examination of fundus terase , and guany late cyclase were reduced by 100%
ocu ll; and a routine oeurolog ic examination . It is after heating times of 200, 300, and 150 msec ,
also recommended that a note be made in the medica l respectively. When exposure to 6-kW microwave radia-
history of previous exposure to occupational Ionizing tion for 300 msec was compared with exposure to 1.5-
or nonionizing radiation . If adequate facilities kW radiation for 4 sec. the level of cyclic adeno-
are available , T-3 and T-4 tests for thyroid evalua— sine 3’ , 5’-monophosphoric acid (AMP) in all brain
tion should be included as well as an electroencep ha- areas except the corpus striatum was at leas t 50%
ogram. lower in the 6-kW , 300—msec exposed animals than

in the l.4-kW , 4-sec exposed anima ls. In the corpus
strlatum , a 33% difference according to the above
trend was observed . Cyclic guartosine 3’ , 5’ -mono-

5157 THE LEVELS OF GABA IN MOUSE BRA IN FOLLOW- phosphoric acid (GMP) levels did not significantl y
ING TISSUE INACT I VATION BY MICRO WAVE differ between the two exposure groups. When cyclic

I RRADIATION. (Enc” .) Knieriem , K. M. (State Lab. AMP and cyclic GMP levels were measured from the
Hyg iene , Univ. Wiscon sin , Center for Health Sciences , same reg i onal brain tissue samp les , the ratio of
Madison , WI 53706) ; Medina , H. A . ;  Stavinoha , W. B. cyclic AMP:cyclic GMP varied from 1.5- 11.5 after
J Neurochern 28(4) : 885-886 ; 1977. (20 refs) 300 msec deactivation treatment as compared with

3.4-19.1 after 4-sec deacti ”ation treatment. The
Levels of gaimm ia-aminobutyric acid (GABA) in mouse ratios after 300 msec heating were much lower than
brain following tissue inactivation by microwave those previously reported after liquid nitrogen
irradiation were determined . Sprague-Dawley mice freezing was used for enzyme deactIvation , suggesting
were positioned in a waveguide chamber perpendicular that slow inactivation times provide for the measure-
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ment of reg iona l brain cyclic nucleotide va l ues. Studies on the levels of acety lcho llne (ACh) in
wh ich are not consistent with the in vivo state. A different brain regions of mice followin g alternative
maxima l field strength of 6 kW microwave radiation methods of sam ..rlflce by microwave irradiation are
provides for the accurate measurement of cyclic reviewed . To achieve a shortened enzyme inactiva-
nucleotides in various regional areas of the brain tion time two methods of microwave kill i n g  were
by minimizing the effects of processes that alter used : whole body 2,450-MHz microwave irradiation
the levels during inactivation of this tissue , for 7 sec (1.3 kW; brai n temperature of 85-90 C at

Il Sec postirrad iation) and 2,450-MHz irradiation
of the head for 0.25 sec (5 kW; brain temperature
of 85-90 C at 10 sec po stirradiation) . A markedl y

5159 NON IONISIN G ELECTROMAGNETIC FIELDS : hi gher content of tr itiu m- lab ml ed ACh was preserved .
ENVIRONMENTAL FACTORS IN RELATION TO especially in the striatum , when the time of enzyme

MILITARY PERSONNEL. (Eng. ) Servantie , B.; Ty ler , Inactivation was reduced from 7 mm (decapitation)
P. E. (Defense Medical Service , France) . 31 pp.; to 7 sec (microwave) . A comparable increase in the
1976. (available through Nationa l Technical Infor- steady state concentration of ACh was obtainec b y
mati on Services , Spring field , VA 22161 , Document reducing the time of enzyme i nactivation furth .r
No. .40 .4035844). (140 refs) to 0.25 sec (microwave irradiation) . These find i ngs

ind i cate the existence of severa l pools of ACh in
Therma l and nontherma l effects of microwave radia- the brain. Althoug h ACh in the brain reg ion does
tion are reviewed with emphasis on the exposure of not appear to be homogeneous , p lots of the specific
radar personnel to microwave radiation . Information rad i oac t ivi ties of ACh and choline (Ch) at different
about human pathology due to the thermal effects of time points after the injection of trit ium- iabe led
microwaves is very poor. Peritonitis and subsequent Ch indicate a precursor-product relationshi p in all
death was reported to have occurred in a technician brain regions (except the cerebellum) at the shorter
working approximately 3 m  from an antenna . Two enzyme inactivat ion t ime (0.25 sec , microwave) .
cases of infarction of the sp leen with hemorrhage
following severe irradiation have also been reported .

• Oligospermia with infertility reportedl y occurred
in a man exposed severa l time s to intense irradia- 5161 ELECTRIC FIELD EFFECTS IN BACTERIORII000P-
tion . Severe headache followed by a meningeal SIN. (Eng. ) Shina r , R. (Dept. Physical
syndrome was observed in an eng ineer working on a Chemistry , Hebrew Univ. Jerusalem , Jerusalem , Is-
parabolic aerial-emitting K-band radiation . Experi- rael); Druckmann , S.; Ottolenghi , H.; Korenstein , R.
mental ly ,  it has been shown that general irradiation Biophys J 19(1): 1-5; 1977. (16 refs)
at high power densities l eads to the death of an
anima l throug h hyperthermia. Hyperthermia caused The exposure of aqueous suspensions (1.5 x lO~~F in this way is accompanied by salivation , behavior molar) of fragments of the purp le membrane of Hato—
indicating a des i re to escape , and convulsion s , bacterium halobium to a strong transient electric
Localized irradiat ion of the head may produce simila r field app lied in a (Joule heating) temperature-jump
manifestations. Other organs that are particularly instrument led to transient linear dlchroi sm phe-
sens itive to the therma l effects of microwave radia- nomena. Experiments in wh i ch the analyzing light
tion are the testicles and the lens of the eye. beam was plane-polarized parallel or perpendicular
Soviet reviews have published a large number of to the applied electric field (about 10 kV/cm) were
cases of occupational diseases found in technicians conducted to discriminate between T-jump and orienta-
working for some time in an electromagnetic environ- tional electric field effects. Transient changes in
ment. The clinical signs are numerous and cover absorbance were found to be almost exclus i vely due
the endocrine g lands , cardiovascular , and nervous to a time-dependent linear dichroism. Two observed
systems . Experimentally, a large number of biologic relaxation times were observed. One (about 100
effects have been observed in animals exposed to msec) was attributed to rotation of the whole mem-
low power densities , generally less than 10 or even brane fragments , while the other (about 260 p5cc)
1 mW/cm2. Such effects include : microwave -Induced was attributed to a much faster reorientation of the
aud i tory sensations; disorders in behavior , neuro— chromophore within the membrane.
muscular functioning, and balance ; increased egg
production by hens; changes in electroencepha lograp hic
recordings; changes in certain biolog ic rhythms ;
mit otic changes; and hormona l , biochemical , and b lood 5 1 62 ELE CTROKINETIC PROPERTIE S OF BLOOD ELEMENTS
changes. A discussion of safety standards and health UNDER THE EFFECT OF PHYSICAL FACTORS .
protection of personnel working In the vicinity of (Rua.) Rusiaev , V. F. (Chita State Medical Inst.,
microwave radiation is also presented . Chita , USSR) ; K.uksinski i , V. E. ; Sheftel ’ , I . E .

BiofiTika (47) : 679-683; 1976. (16 refa)

The effect of the electromagnetic field on the
5160 APPARENT REGIONAL TURNOVER OF ACETYL electrop horetic properties of the blood was studied

CHOL I NE IN MOUSE BRAIN: METHODOLOG ICAL in in vitro experiments . Human and dog erythrocytes
AND FUNCTIONAL ASPECTS . (Eivc.) Nordberg, A. (Dept. and thrombocytes were Irradiated (10 m m )  with a
Pharmacology , Faculty Pharmacy, Univ. Uppsala , Blo constant magnetic field (300 Oe), with variable
medical Center , Box 573, S-75l 23 Uppsala , Sweden) . electric fields (3 V/cm , 50-20 ,000 Hz) and with
Ar-ta P bpeiol S-:~ nd 445(Supp i.): 7-50 ; 1977. acoustic fields (50—20 ,000 Hz). In all experiments ,
(108 refs) irradiated erythrocytes and throntocytes showed a
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decrease in the electrophoret ic mobility . The mg%, as compared w i th  2 4 .8 0.9 mg~ in the con-
hig hes t effect was observed at 500-1 ,000 Hz for trois) , an Increased level of urea (39.8 1.6 mg%
both acoustic and electromagnetic fields , and 40.5 ± 2.1 mg%, while 29.7 ± 1.8 mgZ in the

controls) and an increased level of gl ucose (85.5 ±
1.3 mg% and 86.7 ± 2.9 mg%, while 77.5 ± 1.8 mg%
In the controls). After the termination of the

5163 MOTOR ACTIV ITY OF MUSCLES IN A MAGNETIC experiment all indices returned to the normal
FIELD OF VARY I NG I NTENSITY . (Rus.) values. Data indicates that 7 kW/m was the thres-

Andrianova , L. A. (No affiliation given) ; Smlrnova , hold intensity and 3-7 kW/m was the subthre shold
N. P . Koam Biol Aviakoam Med 11 (1): 54-58 ; 1977. intensity of the electromagnetic field.
(8 refs)

The effect of a constant magnetic field (250—4,000
Oe , exposure 10—30 m m )  and an alternating magnetic 5165 A MICROWAVE RAD I OMETRIC METHOD FOR THE
field (100 Oe , 100 Hz) on the motor activity of STUDY OF THE SEMICONDUCTOR PROPERTIES OF
muscles was studied in CBA mice by counting generated LIVING TISSUE (MEETING ABSTRACT) . (Eng.) Bigu-de l-
impulses during 10—mm periods. Exposure to con- Blanco , J. (Dept. Anatomy , Queen ’s Univ., Kingston ,
stant magnetic field with 4,000 Oe caused a signifi— Ontario , Canada); Schneiter , A.; Beal , J. C. In:
cant reduction in the number of impulses (7.2 ± 1.9 Book of Abatractm of Seventh European Microwave
during the first 10 mm , 2.7 ± 0.9 during the second Conference: The International Conference and
10-mm period , and 0.6 ± 0.2 during the third lO m in Exhibition De8igned for the Microwave Conriunit~.
period ; 7.7 ± 2.6 during the first 10 mm after 5th 8th September , 1977, Copenhagen, Denmark. p.
exposure , 13.5 ± 2.8 during the second 10-mm period , 70; 1977. (0 refs)
and 13.3 ± 5.5 during the third 10—mm period , vs
50.6 ± 7.6 before the exposure . The number of A microwave (MW) radlometric method for the study
impulses was 16.63 ± 5.21 durIng the first 10 mm , of the sem i conductor properties of tissue was tested.
9.47 ± 2.7 during the second 10 mm , and 8.1 ± 2.94 This method emp loyed the nonlinear properties of
during the th i rd 10 mm of exposure to the alternat- tissue in conjunction with its radiative properties
ing magnetic field , vs 38 ± 4.1 before exposure . as described by blackbody theory . The reg ion of the
There were 9.63 ± 2.73 impulses during the first body under examination was illuminated by a monochro-
10 mm after exposure , 4.63 ± 0.68 during the mat lc MW field that mixed with the MW field generated
second 10 mm , and 3,31 ± 1.1 during the third 10— by this region . This mixing resulted in an intermodu-
mm period. Exposure to constant magnetic field lati on spectrum (IS) that was detectable with a
with 1 ,000 Dc also inhibited the motor activity sign i radiometer tuned to a predeterm i ned frequency , or
ficantly, while exposure to 500 Oe slightl y activ— alternatively, to a sum frequency of the IS.
ated activity during and i imnediateiy after exposure.

5166 MI CROWAVE RADIATION (MR) HEATING OF SURFACE
5164 ACTION OF A LOW-FREQUENCY ELECTROMAGNETIC TUMORS (MEETING ABSTRACT). (Eng.) Block ,

FIELD ON THE BODY IN CASE OF SHORT-TERM J. B. (UCLA—Harbor Genera l Hosp., Torrance , CA
DAILY I RRADIATION . (Rue.) Kozia rin , I. P. (A. A. 90509); Hirose , F.; Battista , S. Proc Am Assoc
Bogomolets Kiev Medical Inst., K i ev , USSR); Gabovich , Cancer Re8 18: 306; 1977. (0 refs)
R. D.; Popovich , V. M. Gig Sanit (4) : 18-21; 1977.
(0 refs) Microwave radiation (MR) was app lied to cancers

metastatic to the skin to define clinical tolerance
To evaluate the health hazards of low frequency and to establish doses of heating associated with
electromagnetic fields , 200 male albino rats were objective changes in such tumors. Us i ng a magnetron
irradiated 2 hr daily for 4 mo. Animals were microwave source at 80 W/cm2 (2.45 GHz frequency)
divided into six groups: Group I served as control; and tissue coupler , 12 patIents with multiple surface
Group 2 was exposed to the field of 1 kWtm; Group metastatic tumors were treated, Two patients wi th
3 to 2 kU/ rn , Group 4 to 4 kU/rn, Group 5 to 7 kW/m , adenocarcinoma (primary uterus and colon) and 10
and Group 7 to 15 kW/m. By the end of the experi- with melanoma were treated for up to 30 miii . Needle
ment , animals in Groups 5 and 6 had significantly thermistors were placed imm ediately beneath the
lower weight (261.6 ± 10.1 g and 253.9 ± 10.7 g, skin (or tumor) surface at the site of MR and at the
respec tively) than controls (296.2 ± 10.7 g). By central irrad iated tumor core (1-2.5 cm below the
the end of the 2nd mo of the experiment , animals tumor surface). A technique for surface cooling and
in Group 6, and by the end of the 3rd mo, animals adjustment of MR permittea skin surfaces to be
in Group 5 showed significant decrease In the maintained between 41 C and 45 C wit h tumor core
ratio of muscle reaction time (0.4 ± 0.04 and 0.5 + temperatures induced and maintained to 50 C with
0.08, as compared with 1.9 ± 0.2 in the controls). 1-4 U/cm2 . Two patients did not tolerate MR due to
Exposure to the electromagnetic field resulted also loca l pain. There was no clinical discomfort ,
In the inh ibition of the function of the thyroid evident toxicity, or residual surface burns in the
gland (accumulation of 131 1 dropped from 59.4 ± 3.6% remaining 10 patients. Tumor bimosy of MR-heated
In Group I to 40.8 ± 1.9% In Group 5 and to 47.2 ± tumors demonstrated induction of massive necrosis
3.7% in Group 6); by the end of the 1st mo, rats with an abrupt demarcation from nonaffected deeper-
in Groups 5 and 6 exhibited an increased leve l of l y ing tumor; l ymphocytic Infiltration of normal
residua l nitrogen (28.2 ± 0.9 mg% and 30.3 ± 1.2 tumor tissue was Occasionally seen at this int ~ rface .
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Tumor regression was also observed. These studies 1i34-MHz irradiation rema i ned enhanced for upproxi -
demonstrated patient tolerance to MR heating and the matel y 30 mm , even when the tumo r was cooled to its
potential for objective eva l uation of MR dose-response temperature before 434-MHz irradiation . A secon d
curves for tumor regression in man , period of increased X-ray sensitivity appeared to

exist between about 20 and 30 hr after 434-MHz
irradiation ,

5167 SOME EFFECTS OF LOW-LEVEL DOSAGES OF MICRO-
WAVES ON ISOLATED NERVE ACTIVITY (MEETING

ABSTRACT) . (Eng.) Lott , J. R. (North Texas State 5169 A BOLUSING TECHNIQUE FOR BATCH MICROWAVE
Univ., Denton , TX 76203); Smith , 0. H. Radiat Re8 IRRADIATION OF TUMORS IN THE FAR FIELD.
70(3): 690; 1977. (0 refs) (Eng.) Cheung , A. V. ; McCu lloch , D.; Robinson , J.

E. ; Samaras , G. H. In: DiqLs t of 197? IEEE ‘~~~ -. ‘

The effects of microwaves at dose levels below 10 mW/ International Microwave f-~j-”rroaium bel~! in ~‘an Diego ,cm 2 on the activity of isolated sc latic nerve fibers CA on June 21—23 , 197?. Inst. Electrical and
from frogs (Rana pipiens) were determined. Changes Electronic Engineers , Inc. (New York , ~Y): pp.in chamber temperature , action potential amp litude , 357-359 ; 1977. (6 refs)
and conduction velocity were recorded before and
during exposure to microwaves. The nerves were A bolus i ng technique for the simultaneous irrad ia-
stimulated every 30 sec during each experiment tion of multip le mouse tumors (C3H/HeJ) in the far
(360 min/wk) . Photographs of the resultant action field is described. Each animal is enclosed within
potentials w.~re taken via an electronic thermist or. a cy lindrical metal shield , with its superficial
The microwave power generator was set to delive r flank tumor drawn through a slot aperature for
about 42 W at 2,450 ± 25 MHz to the antenna horn , exposure to 2,450 MHz microwave h yperthe risia. By
The chamber was located in an electrically sealed encapsulatin g the tumor in a larger bolus of tissue-
cage , and the antenna horn was p laced 42 cm about equivalent material , tumor heating un i formity was
the test nerve , Each test nerve was irradiated markedly improved (±0.15 C at 45 C heating) . A
continuously during each experiment. The effects replicable bolus shape was formed using expanded
observed were: (1) a gradua l and prolonged increase polystyrene molds . Placement of the tumor mold
in the amp litude of the action potential followed assemblies on an equipower surface of an anechoic
by a Sharp decline after about 4 hr of exposure , microwave range permitted the simultaneous irradia-
(2) a gradual and sustained increase in nerve tion of multiple mouse tumors.
impulse conduction velocity followed by a decline
at 4 hr postirradiation , and (3) a slig ht but
sustained increase in chamber temperature after 1 hr
of exposure (1.4 C). 5170 PRELIMINARY IN VIVO PROBE MEASUREMENTS OF

ELECTRICAL PROPERTIES OF TUMORS IN MICE .
(Eng.) Burdette , E. C .; Seals , J. ; Toler , J. C.;
Cain , F. L.; Mag in , R. L. In i~im~ ’t o,’ 1977 IEEE

5168 INCREASE IN X-RAY SENSITIVITY OF CANCER MTT—S inLernational !-~ “~‘owav e S-.~”clo8vum held -~nAFTER EXPOSURE TO 434 MHZ ELECTROMAGNETIC San Diego, CA on ,tunS 21—23 , 1977. Inst. Electri-
RADIATIO N. (Eng.) Holt , J. A. G. In: Digeat of cal and Electronic Engineers , Inc. (New York ,
1977 IEEE MTT—S International Microwave Synrposiwn NY) : pp. 344-347; 1977. (7 refs)
held in San Diego, CA on June 21—23, 19??. Inst.
Electrical and Electronic Eng i neers , Inc. (New York , In vivo probe measurements of dielectric properties
NY): pp. 259-262; 1977. (8 refs) of tissue exposed to microwave-induced hyperthe rm ia

are reported. The in vivo measurement probe is based
The use of 434—MHz electromagnetic radiation 15 mm on an antenna modeling theorem , which relates the
before the app lication of low doses (50-80 rads) of impendance of a short monopole antenna in air to
X-rad iation was found to enhance the proportion of its impedance in a lossy dielectric medium. The
cancer cells killed by a factor rang ing from 3 to system used to measure the impedance of the probe
over 100 in comparison to X-irradiation alone, consists of a reflectometer in conjunction with a
When three groups of 52 patients each all with network analyzer. Measurements on standard materials
proven eye , nose , or throat cancer were treated with (water and ethy lene glycol) indicate that the probe
megavo ltage X—rays that were combined with 434 MHz is potentially useful at frequencies up to at least
irradiation in air , 3 atmospheres pressure of hyper- 8 0Hz. Measurements on muscle-equivalent phantom
baric oxygenation , or simp l y air at 37 C , the cor— mo deling materials and tissue were performed only
responding rates of resolution of the primary tumor up to 2.0 0Hz because of procedural limitations.
and invo l ved lymph nodes were 81 , 61 , and 32%, Preliminary dielectric constant and conductivity
respectively. The corresponding death rates during measurements were made in vivo on canine thigh
the first 2 yr after treatment were 42, 63, and 71%, muscle tissue and six different malignant tumors in
respectively. Both response and surviva l duration mice (Lewis lung carcinoma , rnelanotic melanoma Bl 6 ,
were improved with the use of 434-MHz irradiation . Barrett mamary adenocarcinoma , Mendecki mammary
The increased radiation sensitivity produced by 434— adenocarcinoma , g lioblastoma , and ependymoblastoma)
MHZ irradiation appeared to be chiefly nontherma l In over a frequency range of 0.01-2.0 0Hz. The result-
orig in. Temperature measurements revealed a maximum ing dielectric constant and conductivity va l ues
differential rise of over 3.0 C in large avascu lar appear reasonable in relation to in vivo values
cancers . X-ray sensit Ivity of some cancers after previous l y measured using normal tissue. The above
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mea~ureinent system , once automated with a swept ovc r a temperature range of -40 C to +150 C in steps
frequency capability and an increased sensitivity, of 40 C. The principle of operation involves the
could represent a potentiall y useful diagnostic reflection of a lig ht beam on a ther inodilatab le
too l for differentiating between normal and ma li g li quid contained in a small capillary g lass p i pe.
nant tissues. Measurements over frequency ranges of 900-915 MHz ,

2,400-2,500 MHz , and 8.2-12 .4 0Hz revea l that perturba-
tion caused by the thern iom etrr is very low (less than
or equa l to 0.1 de), rcgard le ss of the Or i entation of

517 1 NEAR ZONE MICROWAVE OF A BIOLOGICA L SPHERE . the probe in relation to the electric field. The
(Eng. ) Al -Badwaihy, K .; Hafiz , S. A. standing wave ratio of the probe is less than 1 .1 :1.

In: Dij±±~t of 1977 IEEE ~.f1’T—S International Micro— Experiments have been run in which the microwav
i~z~ c~ .~‘jn?vosium held in San Diego, CA on June 21-23 , thawing process of chopped beef was recorded u~er
1.177. Inst Electrica l and Electr onic Eng ineers , a temperature range of -30 C to +20 C. These
Inc. (New York , HY) : pp. 352—353; 1977. (I ref) experiments indicate that the microwave thawin g pro-

cess can be continuous l y recorded . The sens itiv ity
Power deposited into a spherical model of biolo g ic of the probe is about 0.5 C , and the probe response
tissues is computed for an exciting axial electric t ime is less than 15 sec . The probe should be use-
or magnetic dipole at different locations and for ful for local dosimetr y applications , stud y ing
different frequencies. It is found that near zone electromagnetic energy penetration and absorptIon by
fields may deposit hig her power into biologic biolog ical media , and many other medical and Indus-
structures than plane waves having the same incident trial applications.
strength . The relative power depos i ted into the
sphere increases as the dipole gets closer to the
sphere and is larger for the magnetic dipole than
for the electri c dipole. The relative power is 5174 THE DESIGN AND PERFORMANCE OF A CIRCULARLY
almost frequency i ndependent in the frequency range POLARIZED DIRECT CONTACT APPLICATOR FOR
1-10 0Hz because of the increase in conductivity of MICROWAVE DIATHERMY . (Eng. ) Kantor , 0.; Witters ,
biologic tissues with frequency . The power di stribu- D. M .; Grei ser , J . W. In: 197? IEEE MT —S Interna—
tion inside the sphere is frequency dependent , with tional Microwave Symposium held in ~an Diego, CA on
lower frequencies showing more even power di stribu- June 21—23, 1977. Inst. Electrical and Electronic
tion than higher frequencies . Eng ineers , Inc. (New York. NY): pp. 364-367; 1977.

(2 ref5)

A circularl y polarized direct contact app licator for
5172 TERATOGENIC PO4ER. OF SHE FIELDS . FURTHER microwave diatherm y is described. The app licator

EXPERIME NTS ON TENEBRIO MOLITOR COLEOPTERON is a circularly polarized conica l horn operating at
(MEETING ABSTRACT) . (Eng. ) d Ambrosio , 0. (Uni- a frequency of 2.45 0Hz with a far field bearrn.~idthvers i ta di Napo li , Istituto Electrotecnico , Nap les , of 55.5 degrees and a maximum input power capability
Ital y); La Manna, V. Tn: Book of Abstracts of of 300 W. The design consists of a circular wave-
Seventh European Microwave Conference: The Interna— guide fed wi th a coaxial probe , two sets of posts
tiona l Conference and Exhibition Designed for the placed in the guide at 45 degrees to the i nput probe
Microwave Conznunity . 5th—gth September, 19??, Copen— to generate a circularl y polarized field , and a
h~gen, Denmark. p. 71; 1977. (0 refs) resistive card at the input end of the horn to mini-

mize mismatch while app lied to human tissue. The
The frequency dependence of microwave-induced tera- design includes a microwave choke around the output
togenic effects in Tenebrio niolitor was investigated , aperture to suppress leakage. The performance of
Power absorption of the specimen and the influence the app licator was evaluated by mapp ing the near
of the age of the exposed pupa was i nvestigated, field at 5 mm from the aperture. The heating pattern
The previous l y known energy dosage law was also in planar phantoms of simulated fat and muscle
tested at various levels , tissue was symm etrical , with a maximum va l ue of 15.7

n*4/cm2 per W of forward power at the center and a
minimum of about 0.2 mW/cm2 per W of forward power

5173 NON-PERTURBING MICROPROBES FOR MEASURE- at its periphery. I mpedance matching data revealed
MENT Ill E1ECTROI~IA0NETIC FIELDS . (Eng.) a standing wave ratio of less than 2,1 :1 at four

Defici s , A.; Priou , A. In: Digest of 1977 IEEE locations on the back of a person and for free space
MTT-.’ International Microwave Symposium held &~ 

radiation . Thermographic analys Is of the microwave
San Di€-~o, ~1 on ‘June 21—23, 1977. Inst. Electrical heating of a planar phantom revealed that the width
and Electronic Eng ineers , Inc . (New York , NY) : of the heating pattern (defined as the width of the
pp. 348-351; 1977. (7 refs) trace for which the temperature rise is half the

maximum temperature rise) was 7.5 cm and the depth
The des i gn and application of noninterfering micro- of penetration (defined as the distance between the
probes for measuring the temperature of materials fat muscle interface and the depth at which the
exposed to electromagnetic fields are described. A temperature decreased by 50% with respect to the
cho le st ”ri c crysta l probe , which operates over a maximum) was 2.2 cm for the symmetrIcal case where
temperature range of 10- 40 C has been developed , but the Center of the app licator was directly above the
this t~pe of probe requires reca flbration due to phantom midp lane . For the case where the center
li quid crystal aging and instability. A dielectric of the aperture was moved 3.81 cm from the separation
microthe rmometer has been developed and operates nidp lane along the i-axis , the corresponding width - -
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and depth values were 7.0 cm and 2.0 cm , respectivel y, transport equation and taking into account therma l
The relativel y large va l ues of heating pattern width conduction , therma l convection due to blood flow ,
suggest uniform heating in the center of the heating and surface cooling of the tissue . Two Idealized
pattern. Maximum leakage for direct contact loading models represen ting limiting cases of the microwave
(app licator on top of a planar phantom) was 0.8 mW! heating behavior of actual tissue sections are con-
cm2 per 100 W of forward power. sidered. The first consists of a semi-infinite

tissue slab exposed to plane electromagnetic radia-
tion , and the second consIders focused microwave

5175 A SYSTEM FOR DEVELOPING MICROWAVE INDUCED heating in a finite volume of tissue. In both cases ,
HYPERTHERMIA IN SMALL ANIMALS. (E ng.) the steady state temperature profile is largely

Baker . R. J .; Smith , V.; Phillips , 1. L.; Kobe , L.; determined by the blood flow; the effective heating
Kane , L. In: Di/7e.~t of 1977 IEEE MIT—S International depth can be much larger than the energy penetration

~~~us~ave Syr~csium held ic~ San Diego, CA on June 21— 
depth mn tissue , an effect particularl y noticeable

23, l~?7?. Inst. Electrica l and Electronic Engineers , for 10 GHz radiation , In the steady state , the blood
Inc. (New York , NV): pp.360-363 ; 1977. (18 refs) flow at physiolog ic levels creates an effective

thermal diffusion length of 1-2 cm , wh i ch leads to
an effective averag ing of microwave heating patterns

A system for developing microwave—induced hyperther- over distances of this magnitude . To some extent ,
mia in small animals is described. The waveguide this effect wil l  reduce the non-uniform tissue heat- i 1
components include a conventional WR-650 coax-to- ing due to hot spots and also the ability to focus
waveguide adapter; an electrically compensated one the microwave heating to specific reg ions in the 

(dimension transition section , wh I ch tapers to a tissue by externa l means . The results also imp l y
reduced height test section ; and a reduced height that microwave irradiation at the generally recognized
coax- to-waveguide adapter , which is followed by a safe leve l of 10 mW/cm2 is not likely to increase
coaxial dummy load . The test animal is placed in a tissue temperature by more than 0.5 C.
plastic test tube , wh i ch is inserted in a 1—inch
diameter hole centered in the broad face of the
waveguide. A frequency of 1 ,210 MHz produces maximum 5177 MEASUREMENTS OF 1.8-2.7-0HZ MICROWAVEenergy absorption in the test animal , Thermographic
studies of sacrificed sectioned mice heated in the ATTENUATION IN THE HUMA N TORSO. (Eng.)

app licator revealed deep heating and preferential 
Yamaura , I . (Electrotechnical Lab., 5-4-1 l4ukodai-

heating in the center of the anima l , The preferen- cho , Tanashl-sI- i , Tokyo , Japan) . IEEE Trans Micro—

tial heating was also seen in mouse phantoms (agar wave Theor~i Techniques 25(8): 707-710; 1 977.
and sodium chloride) . In an initial trial where 

(8 refs)

anesthetized mice were heated at either 40 C for
25 mm or 43 C for 15 mm , one LAF 1 mouse died 16 hr Measurements of 1.8—2.7 0Hz microw ..jve attenuation

postheating to 43 C in the abdomina l region , while in the human torso are reported. Sweep-frequency

the remaining mice (Balb/C strain) survive d lesser measurements indicated that leakage effects were

times , In a second trial , the anesthetic dose was 
the most troublesome measurement problem . To mini-

reduced (60 mg/kg Diabutal), and two thermistors in 
mize these leakage effects , close coup ling between

different anatomic positions were used to monitor 
the antenna and the body was maintained using

temperature. One thermistor was inserted into the 
flanged aperture antennas as the transmitting and

rectum (final position be i ng mid-abdomen) , and the 
receiving antennas. Power at the receiving antenna

second thermistor was implanted subcutaneously, with 
was recorded over a frequency range of 1.8 to 2.7

i~ s position being mid—height in the waveguide (as 
GHZ , with the maximum power density on the human

was the rectal thermistor) . Rotation of the test 
subject about 0.5 mW/cm2. Attenuation constants
for the abdomen and the left thorax were about the

tube containing the mouse revealed that the sub-

~utaneous thermistor reading was essentially m dc- same as those for muscle tissues. Changes in attenua—

penoent of angular orientation (near microwave 
tion caused by heartbeats or respiration were

generator or near load) and that the reading was 
observed for the left thorax. The attenuation con-

consistentl y 1-2 C warmer than the rectal thermistor . stant of the rig ht thorax was smaller than that for

All of five Balb/C mice heated to 40 C , as indicated muscle but much larger than that of fat , imp l ying

by the subcutaneous thermistor , over periods of 15— 
that the attenuation in the right thorax is mainl y

45 mm are alive and appear healthy at 5 days post- 
caused by lung tissues . It was estimated that the

heating. 
close-coupling condition has over a 10—dB marg in
for leakage at a frequency of 2 GHz.

5176 EFFECT OF SURFACE COOLING AND BLOOD FLOW
ON THE ELECTROMAGNETIC HEAT I NG OF TISSUE . 5178 EFFECT OF SUPER-H I GH FREQUENCY ELECTRO-

(Eng.) Kri ti kos , H. N.; Foster , K. R.; Schwan , H. P. MAGNETIC IRRADIATION ON THE ELICTROPHORETIC
In: Digest of 1977 IEEE M’l’T—S Internationa l Microwave MOBILITY OF ERYTHROCYTES. (Rue.) lsma ilov , E. Sh.
s~.rr~coaium held in ,~an Diego, CA on June 21—23, l777. (Dagestan Pol ytechnical Inst., Makhachka la , USSR) .
Inst. Electrica l and Electronic Eng i neers , Inc. (New Biofizika 22(3): 493-498; 1977. (14 refs)
York , NY) : pp. 354—356; 1977. (8 refs)

The effect of irradiation (1 ,009 MHz , intensity
Temperature profiles are calculated in tissue models 2-45 mW/cm 3, duration 4, 8, or 15 nu n) on the
exposed to microwave radiation by solving the heat electrophoretic mobility (EM) of human erythrocyte s
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was studied in vitro at 37 C I mmediately or 10-90 duration of radiation , After radiation , insects
mm after irradiation. I mm ediatel y after irradia- were placed In individual boxes at elevated tempera-
tion at an intensit y of 45 m A/cm 3 for 4, 8 , and 15 tures .
m m .  the EM (i n IO ’

~ cm/Vfsec) was 1.20 , 1.30
and 1.38 , respectively, compared with 1.28-1.33 In
the contro l . The EM was hig hest 30 mm after the 5181 ON THE INTERDEPE NDENCE OF THERMAL ANDirradiat ion and reduced comparativel y with the
initial va l ues after 70 mm (1.32 , 1.28 , and 1.25, ELECTROMAGNETIC EFFECTS IN THE RESPONSE

respectively) . The EM , measured Imm ediatel y after OF BACILLI/S SUBTILL3 SPORES TO MICROWAVE EXPOSURE .

irradiation for 30 mm at the intensities of 2, 5 (Eng. ) Way land , J. R. (Sandia Lab,, Albuquerque ,

10 , and 20 nA/cm 3 was 1.20 , 1.12 , 1.26 , and 1.34 , NM 87115); Brannen , J. P.; Morris , M . E . . ~- c - :~~-:t

respectivel y. The hi ghest values were measured Res 71(1): 251-258; 1977. (4 refs)

30 mm after irradiation . The EM was 1.32 after
80 mm irradiation at 10 mA/cm3 and after 90 mm Spores of Bacillus subti’i. were inactivated in a

irr adiation at 20 mA/c&, The changes in the EM microwave field at a frequency of 2,450 50 MHz

are due to the deformation of the double electric at power levels of up to 30 kW , and the inactiva-

layer and to the structura l rearrangement of the flon rates were compared with thc~e obtained by

erythrocyte membrane as a consequence of the phase exposure to heat alone in an effort to distinguish

transition of the structured water in the membrane the thermal interdependency of electromagnetic ef-

into a more liquid state . The changes in the EN fects. The spore samples were exposed in the center

are reversible, of a WG-340 waveguide operating in the transverse
electromagnet icjg mode to produce as uniform an
electric field as practicab le. At electric fields
of 9, 15, 20, and 30 kW , the inactivation rates

5179 HEAT—DISSIPATION RATE OF MICE AFTER MICRO- (min ’) were 0.00132 0.00036, 0.0754 ± 0.0237,
WAVE I RRADIATION. (Eng.) Ho, H. S. 0.7314 ± 0.0077, and 1.06 ± 0.083, respectively;

(Ii. S. Dept. Health , Education , and We l fare , Public the corresponding spore temperatures at these in-
Health Service , Food and Drug Admin., Bureau Radiol- activation rates and power levels were : 103 ± 4,
ogical Health , 5600 Fishers Lane , Rockville , MO 120 ± 4, 136 ± 7, and 170 ± 9 C , respectivel y. When
20852) ; Mc Manaway , M. J Microwave Power 12(1): spores were exposed to heat alone at temperatures
93—100; 1977. (10 refs) of 105, 120, and 135 C , the inactivation rates were

- 0.0251 ± 0.0026, 0.0973 ± 0.0058, am’d 0.254 ± 0.011 ,
The heat dissipation rate from individual CF1 male respectively. These results suggest a strong inter—
mice before and after microwave irradiation was dependence of thermal and electromagnetic effects
determined with a bioca lorimeter. The mice were based on the difference in the inactivat ion rates.
irradiated singly in an environmentall y-controlled The differences are a clear indication of a non-
waveguide apparatus (24 C temperature and 50% rela- therma l microwave effect.
tive humidity) with 2,450 MHz continuous wave micro—
wave radiation . Incident power levels of 0 (sham) ,
0.4, 0.8, 1.7, and 3.3 t4 resulted in corres-
ponding mean average absorbed dose rates of 0, 7, 5182 LOCAL TUMOR HYPERTHERMIA IN COMBINATION
12 , 27, and 39 n*1/g. An increased heat dissipation WITH RADIATION THERAPY. 1 . MAL I GNANT
rate in comparison with sham- i rradiated mice was CUTANEOUS LESIONS. (Eng.) Kim , .J. H. (Dept. Radi-
observed for mice receiving average absorbed dose ation Therapy , Memorial Sloan-Kettering Cancer Cen-
rates of 12 rrmW/g or more. ter , New York , NY 10016) ; Hahn , E. U.; Tokita , N.;

Nisce , L. Z. Cancer 40(l): 161—1 69 ; 1977. (25 refs)

The use of local tumor hyper thermia (43.5 C) in
5180 EFFECT OF HIGH FREQUENCY RADIAT I ON ON THE combination with radiation therapy (electron or

TANNING PROCESS IN THE COLEOPTERA TENEBRIO photon beam irradiation) for the treatmen t of 36
MOLITOR. (Fre.) Tchao, Y. H. (Laboratoire d’opto- patients with multiple Cutaneous maligna nt lesions
acousto-electron lque de Valenchiennes , Laboratoire (mycosis fungoides , Kapos i sarcoma , malignant mela-
associe au C.N.R.S., 59300 Valenc lennes , France) ; noma , lymphoma cutis , synov ial sarcoma , squamous
Huet , C . ;  Lenoi r—Rousseaux , J . J . C R Acad Dci ID] cell carcinoma , sweat gland carcinoma , and rectal
(Paris) 284(16) : 1 589—1592; 1977. (10 refs) carc inoma metasta tic to the skin) is reported.

Hyperthermia was produced by either wet heat or
High frequency radiation allows blocking of enzymatic radiofrequency (27.12 MHz) inductive heating using
reactions controlling metabolic processes. The a modified diathermy unit. In genera l , initi a l
techni que was used to study cuticular tan~’lng of tumor regression rates were faster in patients
the insect Coleoptera Tenebrio nv lLitor as it under- treated with radiation p lus hypertherm la than in
went transformation from the pupa l to imago stage , patients treated with radiation alone , particularl y
a process under the control of the hormone , burs i- in patients with Kapos i sarcoma and l ymphoma cutis .
con . A total of 170 nymphs , of both sexes and Among 26 patients receiving combi nation therapy , 10
without apparent malformations , were irradiated had a recurrence , with seven of these showing an
individuall y from a hig h frequency (9,300 MHz) improved disease-free interval. Among five patients
source . An adaptor i mpedance minimized reflected receiving fractionated (twice/wk) hyperthermia
powe r to less than 40db of the Incident powe.’, and (radiofrequency heating) alone , comp lete regressions
an attenuator and commutator measured power and were observed in one pa tient receiving 45 mm of
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hyperthermia in eight fractions for mali gnant mela- biased by 1 ,020 V dc. No Consi stent effects on
noma , in two patients receiving 30 mm of hyper— sleep t ime or stages were detected as r e c u R  of
thermia in six fractions for mycosis fungoides , and NAACH exposure. A single—channel electrocardiog ram s
in one patient receiving 30 mm of hyperthermia In was recorded in six cats during presurg ica l .,nes-
three fractions for l ymphonua cut i s. The skin sur- thesia and during surg ical-leve l anesthesia after
face temperature in these cases was 43,5 ± 0.5 C. 6-14 days of exposure to NAACH voltages. Clinically
A partial regression was observed in one patient significant effects were not observed , although one
receiving 30 mm of hyperthermia (43.0 C) in five cat developed a sinus tachyc ardia. A causal effect
fractions for lymphoma cutis. At 27.12 MHz , the between NAACH exposure and the tach ycardia was not
depth of heat penetration is limited , and the In- demonstrated. Overall , no impairment of alertness
ductive heat distribution is modified to an extent or disturbance of sleep that would preclude expos i ng
by the thickness of the subcutaneous fat tissue. No human subjects to NAACH voltages was discerne d.
unusual disproportionate normal skin teactions were
observed in patients receiving fractionated radia-
tion therapy followed by hyperthermia as compared -

with patients receiving radiation alone. 5185 THE ELECTRICAL RESISTIVITY OF AQUEOUS CYTO-
PLASM. (Enq.) Foster , K. R . (Armed

Forces Radiobio log y Res, Inst. , Defense Nuclear
Agency, Bethesda , MD 20014); Bidinger , J. M .; Car-

5183 LOW-TEMPERATURE EXPERIMENTS IN RADIAT I ON penter , D. 0. 23 pp.; 1976. [available through
BIOPHYSICS. (Nor.) Moan , J. (Biofysisk National Technical Information Services , Spring-

Avde ling, Norsk Hydros In st itut for Kreftforskning , field , VA 22161 , Document No. AD A033257]. (19 refs)
Det Norske Radiumhosp ital , Oslo , Norway). Era

~~sikkens Verden 39(2): 33-36 ; 1977. (0 refs) Electrical resistivity measurements of aqueous
- cytop lasm were made for neurons and muscle fibers

The high-speed biochemical reactions induced by of the sea slug , Ap lysia c-:lifornioa. Each cell was
ionizing and non—ionizing radiation in biolog ic sub— penetrated by a metal microelectrode whose complex
stances (tryptophan , adenosine , bacteriop hage i~ , impedance was measured as a function of frequency
trypsin) in vitro can be slowed down for more con- between 500 kHz and 5.7 MHz using an active radio-
venient study by irradiating them at cryogenic tem- frequency vector impedance meter. By p lotting the
peratures. The damage to bacteriophage T1, irrac’- measured impedance data on the comp lex Z p lane and
iated in dry state in a magnetic field of 506 G at extrapolating the data to infinite frequency, the
130 K appears to be due to the reaction of H atoms substantial effects of electrode polarization were
formed by the irradiation with DNA molecules , overcome. The extrapolated cytop lasmic specific

resistivities for Ap lysia g iant neurons and barnacle
muscle fibers were 40 ± 4 ohm-cm and 74.1 ± 29.0
ohm-cm , respectively. Excluding one experiment

5184 PHYSIOLOG I CAL EFFECTS OF NAACH VOLTAGES , where the electrode tip was possibly pushed through
(Eng.) Jacobson , F. H. (Crew Systems the cell and into the seawater below , the average

Dept., Naval Air Development Center , cjarminster , PA resistivity of barnacle fibers was 82 ± 21 ohm-cm.
18974). 29 pp., 1976. [available through National Electrica l polarization impedance in the barnacle
Technical Information Services , Spring field , VA muscle fiber was not greatly different from that in
22161 , Document No. AD AO33679). (16 refs) a potassium chloride solution of similar resistivity.

When the Aplysia neuron was penetrated with the
Acute and chronic experiments with cats to determine electrode , the frequency-dependent part of its im-
possible hazards associated with the Navy ’s non— pedance increased tenfold in magnitude. The results
6coustic audio coupling to the head (NAACH) earphone indicate that there is a significant resistance of
are reported. No evidence of direct current (dc) some intracellular membranes , However , by extra-
flow between or around NAACH electrodes was observed. polation to Infinite frequency and therefore avoid-
In acute experiments with audio signal vo l tages as ung the effects of both membranes and polarization
high as 750 V (root mean square) biased by dc vol- impedance , the data show that neither water nor ions
tages as high as 900 V , the measured integral of the are bound to an extent greater than that for most
total rectified electrical activity of the trapezius other tissues. These results , indicating relativel y
musc le increased with each increase in the vo l tage little bound water , suggest but do not prove that
of the audio signal applied to the NAACH electrodes , radiation does not act via effects on bound water
This increase in the integra l was accompanied by in- in the central nervous system.
creased audiofrequency current passing through the
head and being p icked up by the muscle electrodes
or their connectors to a Winchester p lug mounted
on the head. One cat that was exposed to 4-hr dail y 5186 FORMATION AND RESEALING OF PORES OF CON
NAACH receptions of a 3-kHz signal at the above TROLLED SIZES IN HUMAN ERYTHROCYTE MEM
voltages 4 days/wk for 4 wk exhibited a small in- BRANE. (Eng.) Kinosita , K. (Dept. Physiolog i cal
crease in spindle and slow—wave sleep on the 5th Chemistry, Johns Hopkins Univ. Sch. Medicine , Balt i-
day of each week but not in rapid-eye-movement sleep , more , MD 21205); Tsong , T. Y. Nature 268(5619):
Three other cats received NAACH -transmitted speech 438-441; 1977. (11 refs)
daily except on days 7, 12 , and 17. The speech sig-
nal vol tage fluctuated continuously between nearly Erythrocytes in an isotonic sod i um chloride solution
O and 1 ,000 V with a mode of about 400 V and was were treated with a 3.7 kV/cm , 20- ; sec pulse, and
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the subsequent chancje in cell volume was monitored and nm in lmu l m .urr .nt spread beyond the electrodec .
by li ght scattering measurement, Under these condi- use of the electrostatic (condenser) field tech-
t ions , in t race l lu la r  potass ium ion leaked out and ni que , and incorporation of compensating co i ls  in
was rep laced w i t h  sodiuii m ion w i t h i n  a few minutes.  i addle handles . Temperatures ,~ere c’cr.ccured by
Further ent ry  of sodium ch lo r ide  caused s w e l l i n g  of thermistor  probes and a 12-channel d i r e c t - r e . t c l i - g
the red cells. When the volume reached 1.1 time s electric thermometer and therruocoup le sen sor s .  In
the volume of untreated cells , a small amount of vitro metabolic studies we re used to det e rm i ne th e
isotonic solution of various substances was added minima l operational timper ature of 47 C f~ r d u- ~~truc-
to the ~uspension. The cells kept swelling because tion of the solid intramuscular VX2 tumor in N~ -~.c

of the continuous influx of sodium chloride. How- Zealand Wh i te rabb i t s .  At  low power outputs (up to
eve r , when the same amount of sucrose solution was approx 6W ) . the analog meters ( the rnmls to r and
added , the swelling imediately stopped. When the thermocoup le systems) were unaffected by the Pt
added substance was xy l ito l (molecular weight of 152 field; at 10-12 14, only the potentiometer readi icjs
as compared with 342 for sucrose), onl y partial remained unaffected , while the thermistors read
blocking of the cell swelling was achieved. The consistently 1.0-1.5 C hi gh. Temperature .~.c5

permeability of the pulse-treated membrane to II rout inely monitored w i t h  thermistor sensors and the
different carbohydrates was measured under various RF field off. Ten VX2 car cinoma s (12-22 nil i”
conditions. Data for untreated control cells re- vol ume; tumors relative l y non-necrotic and met. ,suases
vealed that molecules larger than erythrit ol do not present in regional , iliac , and paraaortic l ymph
enter the cells to any appreciable amount except nodes and in lungs) were heated at 47-50 C for 30
0—glucose , which is carried by a specific transport m m .  At 47 C , temperature d l f fc. ren ti a l of 2-3 deg-
system. Treatment of the cells with a 3.7 kV/cm , rees was usuall y seen between multiple sensors in a
2O-ssec pulse increased the critical size for permea- large tumor; rectal temperature was within normal
t ion , wi th molecules smaller than sucrose pene- range . Seven animals were cured , with tumors regres-
trating the membrane and the rate decreasing with sing in 6-8 wk; in three rabbits, limb paralysis
molecule size. The exception to this was 0-g lucose (not specIfically associated with RF heating) required
where the specific transport system seems to be in- their sacrifice within 3-4 wk of therapy , but there
tact even after the pulse treatment. The addition was no increase in tumor volume during this time ,
of a suffic ient amount of impernmeant substance to The presence of tumor in the muscle did not s i gnifi-
the suspension of pulse-treated erythrocytes re- carutl y alter the electrical resIstance of the leg(s) ,
tarded the hemol ysis indefinitel y. While the cells and results suggest that selective RF heating of
were prevented from l ysi s , the membrane spontaneously this carcinoma may be conditioned by poor blood
resealed , with the resea ling process be i ng strong l y flow throug h the tumor compared w ith normal adjacent
temperature-dependent , Electric pulsation followed tis~ue.by an appropriate reseating procedure makes it pos-
sib le to prepare erythrocytes wi th altered intra-
cellular compositions. Although alteration of
cellular cations can also be achieved by lactose 5188 EFFECT OF THE ELECTRICAL FIELD OF POWER
treatment or chemica l modification of the cell mem- TRANSMISSION LINES ON LINEMEN. (Rus.)
brane , the present method allows for the incorpora- Kaliuzhny i , V. F. (No affiliation g iven) ; M ikhai lov ,
tion of larger molecules such as sucrose by intro- M. I. Elektroeviaz (3) : 30-34 ; 1977. (6 refs)
ducing pores of adequate size.

The permissable dIstances between three-p hase
alternating current powe r transmission lines of
330—1 200 kV and telecommunication lines were

5187 TUMOR ERADICATION IN THE RABBIT BY RADIO— calculated in view of the dangers of generated
FREQUENCY HEATING. (End.) Dickson , J. A. electric fields for lInemen working on telecormrmunica-

(Cancer Res. Unit , Univ. Dept. ClinIcal Biochemistry, tion lines. The maximum permissible electric field
Royal Victoria Infirmary , Newcastle upon Tyne , potential is 5 kV/m. The minimal distances be tween
Eng land) ; Shah , S. A.; Waggott , 0.; Wha l ley,  U. B. the vertical projections of the Outer conductor of
Cancer 1158 37(7) : 2 162-2 169; 1977. (37 refs) power lines and telecommunication lines should be

5-6 m for a line voltage of 330 kV. 10 m for 500 kV .
Radiofrequency (RF) equipment for heating tumors 15 m for 750 kV and 25 m for 1 200 kV.
cons i s t ing  of a generator c i r c u i t  w i t h  a c r y s t a l —
controlled oscillator operating at 13,56 MHz (22 m
wavelength) and a resonator circuit tuned to the
generator circuit Is described . The circuits are 5189 INFLUENCE OF MICROWAVES ON THE RESTING
linked by capacitive coup ling with two flat paddle POTENTIAL OF GIANT NEURONS OF THE MOLLUSK
electrodes , and the tissue becomes part of the HELIX POMATIA . (Rue.) Arber , S. L. (Moscow, USSR).
output circuit. Compensating inductance coils tuned Elcktronnaia Obrabotka M rrialov 6(72): 78-79;
to the circuit , contained In the paddle , maximize 1976, (8 refs)
the heating component of the current In the t i ssue.
Efficient contact between the paddles and skin The effect of ,icrowaves (2.45 GHz , absorbed energy
(hairless) is crucial , as is the length of the 15.5 n*4/cm3, exposure time I hr) on the resting
tissue cy linder heated in relation to it s diameter , potential of the giant neurons of the mollusk He? i.z
Other important factors inc l ude the use of the ponr1tia was studied in vitro by means of Implan ted
l ower end of the short-wave diathermy spectrum microelectrodes . The res t ing  po ten t ia l  was 5 1 . 1
w i t h  its greater depth of penetration in tissue 2.5 mV without irradia tion . Irradiation caused
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hyperpo lu riz ation by 1.5 ± 0.3 mV atter exposure frogs , salaunanders , fruit ( l i e s ,  sea urchins , and
for 25-30 m m ;  by 3.2 0.6 mV after exposure for mice; t c,w cr vm- r , nKcs t of the studies have been per-
I hr . and by 4.6 0.8 mV 1 hr after the 1-hr expo- formed at field streng th .. uc~ vc- 2 ,500 G, and the
sure. No hyper polar izat lon was observed at pH 4. resul ts vari ed markedl y from no e f fec t to comp le te
and it was reduced by ouabaln . The findings m d i - prevention of development. In general , ctud ie s
cat.~ that microwaves cause an increase in the which examine the response of biolog ic cyc tems tc.

membrane permeability for potassium and sod i um ions magnetic fl e ld ~ h~~vc produced results that ire

that leads to the Intracell ular accumulation of highl y y c r i able and often nonreproduc ible .
sod ium and subse quentl y to an activation of the
electrogenic sodium pump”. This activa tl on

accounts for about 60% of the radiation-induced
hyper polarizati on. 5192 PROTECTIOU AFFORDED BY THE METAL CAPSULE

OF PACEMAKERS AGA I NST EXTERNAL ELECTI± 1
~

MAGNETIC EFFECTS : FACT OR FICTION? (Ft’~ . J Grand ,
A. (Service de Medec inc , Cen tre Hosp ta l i e r de

5190 DO ELECTRICAL FIELDS HAVE BIOLOGICAL Valence , B.P. 831 , F26008 Valence Ceder , France) ;
EFFECT? ( P c ~~.) Anonymous. (No affi l ia - Drouin . B.; Ferry, N .; du CharI ot , G.. Tabet, P.

tion given) . E lek tpo t~~
.’hnz’,’k 55(7): 461; 1977. Morel , C. Nouv !d l.~~3/ ± a , .t1,~~ 6(10): 855; 1977 .

(0 re(s) (I rEfs)

Rats were exposed to an electrical field of 100 LV! The function of various models of pacemakers ,
m for 1 yr to verif y Soviet findings tha t exposure implanted subclavicularly. in the pr esc~~ce of
to 5-20 kV/m fields causes disturbances In the electric toilet articles (e.g.. razors , tooth
centra l nervous system and changes in the heart brushes) was tested . Tbr effect of electromagnetic
rate and blood pressure in workers. The animal interference on the pacemaker is unpredictable:
experiments revealed no si gnificant differences constant for a given apparatus , null for an identical
between the experimental and control animals in one of the same make Implanted in the same p lace.
terms of weig ht gain , motor activ ity, escape A titanium capsule (ELA Stanium SM , Telectronics P
reaction , circadian rhythm , heart rate , and differ- I5OB) did not always prevent interference; boxes in
ential blood picture . acid (Blotronik lop 54) appeared to be better pro-

tected. Other pacemakers without metal capsules
(Intermedics C-MOS 1 , Medtronic Xytron 5951) appeared
to be perfectl y isolated from electromagnetic inte r-

5191 BIOMAGNETIC EFFECTS : A CONS I DI RATION IN ference . More important than the metal capsule
FUSION REACTOR DEVELOPMENT. (Eng.) Mah- appeared to be the qual i ty of Isolation of the

lum , 0. 0. (Battelle Pacific Northwest Lab,, Rich electronic circu its and the stimulato r probe .
land , WA 99352). 35 pp; 1976. [ava ilab le  through
National Technica l Information Services , Spring-
field , VA 22161 , Document No. BNWI-1 973J . (64 refs)

5193 THE HYPNO GENIC EFFECT OF MODULATED ELIC-
A sumary of the current state of knowledge concern- TROMAGNETIC FIELD. (Ruc i . ,’ Sudakov , ~
ing the biolog ica l effects of magnetic fields alone V. (P. K. Anokhin Inst. Norma l Physiology , USSR
and in con*jination with ionizing radiation is Acad. Medical Sciences , Moscow , USSR) ; Anti mo nii ,
presented in connection w ith potential biolog ic G. 0. Biull Eks - BioZ ~~~ 34(8): 146-149; 1977.
hazards associated w i t h  fusion reactor systems . (8 refs)
The most extensive calculations of magnetic field
patterns have been performed for reactor designs Behavioral and electrocardiographic changes were
that produce toroida l and poloidal fields. The studied in strainless male and female rats exposed
toroida l field may vary from 10 ,000 G in the area to modulated electromagnetic field (40 MHz , modu la-
surrou nding the nuclear island to less than 1 C at tlon frequency 50 GHZ , modulation factor  8O—10O~ ,
the outer edge of the reactor building (about 50 m). fie ld potential 100-120 V/rn) for 2-150 minutes.
Poloida l fields as hi gh as 70-450 G may be encoun- The animals disp layed four distinct phases of the
tered by people working in the transport and hot behavioral changes during the course of the expo-
cell reg ions . People working In the reg ion immediate- sure. The first phase , observed in 54; of the
l y surrounding the reactor building and associated animals after an exposure t ime of 5-20 mm , showed
facilities could be subjected to field strengths local epileptiform activity in the dorsal hi ppo-
of 1-70 G for subs tan t ia l  periods. Changes in the campus. The second phase , observed in 75% of the
electrical activity of the brain and heart have been animals a f te r  exposure for 20- c5 mm , was charac ter-
found after exposure of humans , monkeys, rabbits , ize d by ep ileptiform activity in the hi ppocampus ,
and p i geons to fields of 500-91 ,000 G. Some inves- hypothalamus , septum , amygdala , as wel l as in the
ti gations suggest that preexisting lesions may be temporal and occi p ital regions of the brain cortex.
exacerbated in the presence of magnetic fields. During the third phase , observed in 86. of the
The genetic effects of magnetic fields have been animals after exposure for 45-60 mm , the ep ilepti-
studied primarily in lower organisms , houseflies , form activity spread over all brain structures
and flour beetles . Changes In m o r t a l i t y  and the investigated . Slow waves with 1 50-200 V amp litude
induction of wing abnorma l i t i es  have been reported . or depression on the electroencephalo gram were
Evidence for an influence of magnetic fields on observed during the first phase in 35~ o f the
growth and development has come from studies on animals after exposure f r  90- 1 50 m m .  Catalepsy
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was observed in 5’4~ of the rats dur i ng thIs phase . The effec ts of an elec t r i c  f i e l d  - - 
- - - ,~~. - 

- .v/~~i
The exposure also caused disturbances in the on some physiologic parameters w r r  ~ t uc3itd I / I

conditioned food and defense reflexes of the animals. iumm obiliz ed rats and 46 non -irvi ,bilized cat s - The
The findin gs indicate that the behavioral changes animals , kept in Teflon C.iges, (‘re exposed for
induced by modulated electromagnetic field are due two 4—hr phases wi th l.-hr i n t e r v ~i I~ In r..ts . the
to changes in the norma l cortico-subcortical heart rate showed a 2l~ Increase dur ing ~r , fir st
relationships. 4 hr of exposure , which was follow , : t-y s low

decline during the 4-hr pause and the nr*t 4.hr
exposure . The respiration rate and the blood pres-
sure showed onl y Insignifican t ha ng es . Sev e n

5194 GALLOPING OF PACEMAKER DURING HIGH-FRE - i mmobilized rats died during the exposure wit h
QUENCY THERAPY . (~,er.) Ef fer t , S. symptoms suggesting hyper the r mia :  co l lapse a f t e r

(LehrstuhI fur Innere Medi zin I , Technische Hoch- a sharp rise in the heart rate and increased .~ - ‘ ‘
schule , 5100 Aachen , Goethestr. 27—29 , U. Germany). temperature . The alpha- and beta-bands of z r -
L±toch Med Wochenschr 102(24): 909; 1977. (0 refs) electroencephlogram of cats showed a 6O~ decli n e

during exposure. Thic phenomenon , as we l t as the
A 62-yr—old man with an Imp lanted CPI model pace- hyperthermia observed In the rats , can be interpreted
maker received microwave therapy (wavelength 69 cm as the result of hair v ibrat ion which causes a
correspond i ng to 433.92 MHz) for arthritis in the stress in the animals. The stress leads to increased
left shoulder joint. The first three sessions myotonla , which results in increased heat production
were without any complication , but the patient died by the muscles, The findings indicate tha t the
suddenly during the fourth session , The cause of electrIc field has no harmfu l effect on non-imobll-
death could not be establi shed by autopsy; the ized animals.
pacemaker was operating at normal frequency. The
pacemaker was then irradiated with the same thera—
peutic radiation source at 12 cm distance , which
caused a rise in the pacemaker frequency up to 5197 INTRODUCTION. (En;:.) Baranski , S . ;  Czer-
214/mm , The death is assumed to have been due to ski , P. In: Biol~og ioal Ef,~’ecta o,i’ Micro—
the rise in the pacemaker frequency during the wavee. (Stroudsburg : Dowden , Hutchinson & Ross ,
irradiation . The patient may have been at greater Inc.) Pp. 11-23; 1976 . (refs)
distance (about 18 cm) from the microwave generator
during the first three sessions. Equipment generating radiofrequency and microwave

radiation is discussed with emphasis on the risk of
exposure to non-ionizing radiation-emitting sources.
From the point of view of biomedica l considerations

5195 STUDY OF THE INACTIVATION OF VIRUS-CONTAIN- three basic parts of microwave equipment may be
1MG WATER BY MEANS OF ELECTRICAL CURRENT. distinguIshed. These include the transmitter where

(Rue.) Muzychuk , N. 1. (Kiev , USSR) ; Kul ’skii , the generation and amp lification of microwaves
L. A.; Vorob’eva , A. N.; Matskevich , V. S. E~.ek— occurs , the power transmitting and guiding system ,
tronnaia Obrabotka Materialov 6(72): 76-78; 1976. and the receiver. The rece i ver may absorb all the
(9 refs) transmitted energy, or it stay be a radiating element

(antenna) that emits radiant energy in to the sur-
The effect of direct current (30 V/m , current density roundings. For hygienic considerations in the use
8-16 ritA/cm2) on the inactivation (elimInation) of of microwave equipment , an arbitrary distinction of
Escherichia coli B. bacteriop hage 12 in water was intended and nonin tended radiation must be made .
studied in the presence of aluminum sulfate or The radiation of the frequency, direction of propaga-
lanthanum chloride (usually 0.88 mg-equivalent/I). tion , and point of orig in that conform to and are
Aluminum sulfate alone caused 56% deactivation vs. determined by the destination (intended use) of the
82.3% after 1—m m treatment with a current density equipment are designated intended radiation . How-
of 14 mA/cm2, and 90.5% after 4-mm treatment with ever , because of physica l laws and desp ite the
16.6 mA/cm2. Lanthanum chloride alone had a perfection of design of the transmitter , nonintended
deactivation rate of 10%, while electric treatment radiation may be generated. Unlike intended radia-
(1-7 mm , current dens ity 8-12 mA/cm2) of the water tion , nonlntended radiation is predictable only to
containing lanthanum chloride inactivated the a limited extent , and It constitutes one of the
bacteriophages at rates of 97.3-99.2% . The reduction principal sources of health risks . Nonintended
of the virus concentration was caused by deactiva— radiation is insufficiently considered or even
tion by the electric field and the salts and not comp letel y omitted in the evaluation of expo-
by the transfer of the viruses to the electrodes sure or ana l ysis of occupational health risks.
or to adsorption . Additionally, in certain instances nonintended

radiation is not considered when experimental
situations for research purposes are devised
or when the bloeffects of microwaves are evaluated

5196 INFLUENCE OF TECHNICAL ALTERNATING ELECTRIC on the basis of anima l experimentation. It is
FIELD OF HIGH TENSION ON THE ORGANISM. concluded that source charac teristics , propagation

(Ger.) Schaefer , H. (Im Neuenhe imer Feld 326, of the radiation in t l’ env i ronment , pene t ra t i on  of
D-6900 Heide lberg 1 , U. Germany) ; Silny , J. Tnt radiation into the bh- logic object , and energy
Arch Environ Occup Health 39(2): 83-96; 1977. absorption Inside it mus t be taken into account in
(47 refs) cons i derations of the bio l( ’j i c  e f fec ts  of microwaves.
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5198 PHYSICAL CHARACTERISTICS OF MICROWAVES. currents in ion distribution . These effects may
(En -i.) Baran ski , S.; Czerski , P. In: lead to temperature rises , metabolic rate effects on

Bi Zogi~’-~? E,’J . ’tB of . ?wzve3. (Stroudsburg : biochemi ca l reactions throug h conformation chanqes ,
Dowden , Ilutch inson & Ross , Inc.) pp. 24-45; 1976. excitation , changes in ion distribution , and struc-
(refs) tura l changes in subcel lular elements. At the sub

cellular and cellular leve l the primary effects may
The basic physical characteristics of electromag- inc uude Interference with blomembranes , semi-conductor
net ic waves , the components of microwave equipment , effects , and changes in bound water. The secondary
and the modes of microwave generation and emIssion chain of events may invo l ve chromosoma l effects ,
are discussed . Time—varying currents are the lymphoblastoid transformation , interference with
source of electromagnetic waves , and these waves mi tosis , genetic effects , carcinogenIc and/or leuke-
may be represented as a field consisting of an mogenlc effects. In organs and systems foca l thermal
electric vector and a magnetic vector. The veloc i ty stImulation and/or lesions may occur leading to
of propagation of the electromagnetic wave through local and/or generalized cardiovascular effects .
a g iven me dium is determined by the dielectric cons— peripheral receptor stimulation and disorganization
tant , i nductivity, and permeab li t y of the medium , of nervous system function , disorgan i zation of endoc-
Part ia l  transmission and part ia l  re f lect ion of the rine system function , and changes in metabolic rate
electromagnetic wave occur at the boundary of media and/or abnorma l metabo lites. In highl y organ i zed
with different electric properties . Microwave living systems microwave radiation may possibly
power is distributed by transmission lines and interfere with electromagnetic wave transmission
waveguides and is absorbed by receivers or radiating and/or reception of biologic information causing
elements (antennas). There are various modes for stress effects , adaptive responses , disadaptation ,
the generation and emission of microwaves including and Interference with biorhythms and their synchro-
harmonic waves where the electric and magnetic field nization .
vectors oscillate according to the law of sines or
cosines (sinusoidal waves) and modulated waves
where the amplitude , phase or frequency may be
changed in an arbitrary manner , it is stressed that 5200 BIOLOG ICAL EFFECTS OF MICROWAVES. EXPERI-

in anal yzing hygienic exposure conditions the source MENTAL DATA. (Eng.) Baranski , S.;

characteristics and the spatial relationship of the Czerski , P. In: Btological Effects of Microwaver.

source and target should be taken Into account. (Stroudsburg : Dowden , Hutchinson & Ross , Inc.)
Pp. 78-152 ; 1976. (refs)

A comprehens i ve review of the biolog ic effects of
5199 INTERACTION OF MICROWAVES WITH LIVING microwave irradiation is presented . Inhomogeneity

SYSTEMS. (Eng.) Baranski , S.; Czersk i , of the heating system of irradiated animals presents
P. Tn: Biological Effects of Microwaves. (Strouds— serious difficulties in quantify ing the heat-balance
burg: Dowden, Hutchinson & Ross , Inc.) PP. 46—77; characteristics . Power densities over 100 n*J/cm~
1976. (refs) are a high level of exposure and cause death from

overheating in a majority of laboratory animals in
The interaction of microwaves with living systems a short time . Power dens;tles of 10-100 mW/cm2

is discussed wi th respect to the penetration of cause varied bod y rectal temperature increases in
microwaves into a biologic target and their propaga— rabbits , guinea pigs , rats , and mice; in small
tion within it , the primary interaction of micro- laboratory animals thermal death may be obtained
waves with living matter (mechan i sm of microwave within this power density range. No lethal effects
absorption) , and the secondary effects induced by are obtained , except In mice, at 10 rr*l/cm2. In
the primary interaction . Results of studies on principle , exposure at powe r density levels below
microwave penetration and propagation in biologic 10 mW/cm2 do not lead to body rectal temperature
material warrant the following conclusions: theo— increases exceeding the compensatory possib ilities
retic models of microwave propagation inside biologic of thermoregulatory mechanisms , even in small
objects must be carefull y analyzed as to their laboratory animals; ~j/~~~

2 may be considered the
app licability; multilayered planar models are admis— ‘athermal” exposure level , even at hig her ambient
sible to a limited extent; more sophisticated temperature and air humidity. Exposure to micro-

- 
- approaches for approximating the complex geometry waves , especially in the decimeter range , at power

of the body shape and of interna l organs are needed , densities of about 1 mW/c m2 (according to cer ta in
i.e., multilayered spherica l or cy lindrical models; authors within the 0.2- to 1O-n*4/cm2 power density
thermography of Irradiated phantom models or test range) may disturb normal unconditioned and con-
animals seems to be the best practica l solution for dit loned reflexes in dogs when the whole body or
wider use at present; and advanced measuring tech— head Is Irradiated . Attempts to use microwave
niques and the development of imp lantab le probes are exposure as a conditIoned stimulus did not succeed
needed. From the results of basic theoretic and In most experiments; however , certain experiments
experimental investigations on the absorption of obtained a negative defense reflex to 20-sec
microwave and radiofrequency energy in biologic irradiation wIth 2,200—MHz waves at 20 mW/cIni after
media , it is theorized that the primary effects of 30 to 50 exposures accompanied by an electroshock.
electromagnetic radiation at the molecular level Microwave exposures affect the behavior of various
include primary heating, effects on mono- and poly- animals , mainly rats and mice. It has been demc ,is-
H20, segmental ro ta t ion of biopol ytuers , conformatIon trated that electromagnetic fields modulated at
changes in blopolymers , and excitation of Ionic extreme low frequencies (8-16 Hz) interfere with
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calcium ion bind i ng to the greater neuronal membrane , productIon ; the m echanism of this effect m erits
A quantum mechanical exp lanation of this phenomenon special attention , Prolonged periods of repeated
and its significance for the interpretation of low-dose exposures Induce changes in nuclear struc-
electroencephalogram changes has been offered. It has ture and mitotic abnormalities in lympoid cells
also been found that exposure to power de n sity and erythrob lasts; chromosoma l effects are a pos-
levels sufficient to cause temperature increases s i bi l ity. One of the best known effects of micro-
induces a henrodynamic response related to the ther- wave exposure at hig h-power-density levels is the
rnoregulatory compensatory reaction. Chol lner gic . formation of lens opacities and cataracts. Although
adrenerg ic , modern cardiovascular drugs , and it has been established that exposure of eyes at
various inhibitors could be app lied for an explora- hi gh power densities causes either the appearance
tion of the mechanisms involved in cardiovascular of imediate massive cataracts or delayed cataracts
responses to microwave exposure . Althoug h the or opacities , sufficient data do not exist for the
endocrine and metabolic effects of microwaves need determination of threshold values for lenticular
further Investigation , particularly with respect damage following prolonged periods of repeated
to the course and dose dependence of the described exposures .
phenomena and the mechanisms involved , several
effects are wel l  documented . These include altera-
tions of the hypoph ysls , adrenals , and thyroid
g land function . Additionally, morphologic observa- 5201 HEALTH STATUS OF PERSONNEL OCCUPATIONALLY
tions have demonstrated changes in the plnea l body. EXPOSED TO MI CROWA VES , SYMPTOMS OF MICRO-
Other effects include disturbance in protein metab- WAVE EXP OSURE. (E’ng.) Baranski , S.; Czerski , P.

olism , carbohydrate metabolism , and oxido-reductive In: Biological Effects of Microwaves. (Stroudsburg:

processes. In experimental animals , microwave Dowden , Hutchinson & Ross , Inc.) pp. 153-169 ; 1976.

irradiation of the male genital system at power (refs)

density levels that cause temperature increases
results in reversible testicular lesions , particular— Literature regarding the health effects of occupa-

l y damage to spermatogenesls. Similar damage to tiona l exposure to microwave radiation is surveyed ,

the Female genital system , particularly the ovaries , and the symptoms of overexposure to microwaves are
may be expected. Temperature effects seem to p lay characterized. Except for microwave- I nduced

the most important role in fetal development: earl y cataracts , no incidence of Injury following acute
stages of development are more sensi t ive , and micro— microwave exposure is revealed. Soviet , Polish ,
wave exposure at these stages may cause serious Czechoslovakian , United States , United King doms ,
injury. Chromosonia l aberrations and changes in and French studies document the existence of central

the duration of particular phases of mit os is (ml- nervous system and vegetative disturbances and

totic abnormalities) are reported in human l ymp hocyte asthenic syndromes in personnel occupationally

cultures and cultures of monkey kidney cells follow- exposed to microwave irradiation , though the origin

ing exposures at 3-7 eM/cm2 to 10-cm rulse width and development of these syndrome s remains contro—

and continuous wave microwaves. No satisfactory versial . Abnormal findings occur only at conditions

evidence of microwave- i nduced genetic effects or of overexposure (>5—10 yr of work) and are character-

fetal damage in manwnals exists. In an investigation Ized by neuro—vegetative symptoms . Individua l

of the effects of a 10—cm microwave exposure on variations in adapting to the microwave environment

several generations of white outbred mice , a decrease i nvo l ve initial subjective comp laints of headaches ,

in fertility and slower body weight—gain in young nausea , and fatigue; these complaints are followed

animals was found , but no definite abnormalities or by a period of adaptation , the length of which

inborn genetic defects were found. A survey of varies with individuals, Later , comp laints recur

studies on the effects of microwaves on the chest , and objective symptoms occur on neurologic and electra-

abdomen , and digestive tract revealed on necropsy encephlographic examinations , Depending on the

various macroscopic and microscopic lesions seen duration and exposure conditions , acute exposure

in animals exposed to particular microwave bands over 10 eM/cm2 produces various thermal Injuries.

at different power densities , Lesions were seen Limited repeated thermal stimulation of the nervous

most frequently in the liver , in certain instances system , endocrine glands , or live r may induce

in the kidneys , or In the spleen . Results of delayed or secondary effects. It is stressed that

experiments point to disturbances in secretion and most available data concern adult male exposure ,

absorption , which may be related to vascular respon- and investigations on the ef fects of intermittent
ses and changes In blood flow . The effects of or continuous exposure of children is needed.

microwaves on bloo d and the blood-forming system
are well—documented . Single exposures to high—power
densi ty  microwaves cause various peripheral blood
picture changes attributable to ano ~xp lain ed by 5202 SAFE EXPOSURE LI M ITS AND PRE VENTION OF
temperature increases and the resulting disp lacement HEALTH HAZARDS. (Eng. ) Baranski , S.;

of blood or of water In the body. Low-dose repeated Czerski , P. In: Biological Effects of Microwaves.

exposure in short-term experiments at or below (Stroudsburg: Dowden , Hutchin son & Ross , In c.)

1 mW/cm2 do not affect the perip heral blood picture pp. 1 70-187; 1976 . (refs)

to any si gnificant degree. After pulse width
repeated or prolonged exposures , perip heral l ympho- The biomedical aspects of existing radiation expo-

cytosis accompanied by stimulation of lymphopoies is sure standards are reviewed , and the requirements
may occur. Microwave irradiation (repeated low-dose for determining safe exposure limits are discussed.

exposures) may affect i ron metabolism and red cell The safe exposure regulati ons of Western Countries
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including the United States and Canada are Ix stly 5204 HYGIENIC ASSESSMENT OF THE METHOD OF
based on human therma l balance characterist ics , which MAGNETIC TREATMENT OF WATER IN THE HOT
consider th .t the principa l bioeffect of microwaves WATER SUPPLY SYSTEM . (Rue.) Tsyp lakova , G. V.
is the tel.lperature increase in the irradiated (F. F. Erisma n Moscow Scientific Res. Inst. of
object ; that the heat balance characteristics of Hygiene , Moscow, USSR). Gig .‘~‘z n f t  (5) : 8—1 2;  1977.
man allow infinite exposure at 10 nM/cm2 and shor t (6 refs)
term exposure at hi gher values; that lens opacities
are expected at power densi t ies below 100 nM/cm2 ; The hygienic effect of magnetic treatment of hydro-
tha t functional disturbances may occur following carbonate type tap-water was studied In vitro and
repeated exposures at 50 r,*1/cm2 ; and that no evidence in vivo . The water was exposed to 1 ,300, 2,000 or
of untoward effects of microwave irradiation In man 5,000 Oe. The treatment had no direct effect on
at power densitites below 10 riM/cm2 has been present- the chemical and organoleptic properties of the
ed, Safe exposure limits In Eastern European water , but it accelerated the decomposition of
countries are based on different biomedica l considera calcium dicarbonate. The magnetic field also
tions . Results of animal experimentation and the enhanced the in vitro amy lol ytic activity of the
effects of occupational exposure in man are the saliva , depending on the composition of the water
basis of USSR regulations , while in Poland the new and of the field intensity. After ora l administra-
safe exposure limits are based on discussions of tion , water treated with magnetic fields of 1 ,300
Soviet , Czechoslovakian , and American findings as and 2,000 Oe caused no functional disturbances in
we ll as radiation protection guides and statistic the blood cells , cardiovascular system , centra l
and epidemiolog ic analysis of the health of person— nervous system , salt and histamine turnove r , nor
nd professionally exposed to microwaves. To deter- on the hematologic barriers in experimental animals
mine safe exposure limits the following basic prin- (species not given) . Water treated with 5,000 Oe
ciples may be used: the principle of zero inter caused qualitative and quantitative changes in the
action where no effects are demonstrated; the prin- blood cells (increased leukocyte and erythrocyte
ciple of maximal comfort where certain signs are counts , appearance of more stable erythrocyte
observed but no differences in functional efficiency populations) , tendency to reduced blood cholesterol
are demonstrated at optimal conditions and on expo- leve l , and increased lability of the cortical cells
sure ; and the principle of the limit of physiologic of the brain. Hydrophil swelling of the cells of
compensation where exposure causes various reversible the cornea was observed in rabbits. A survey of
disturbances and i mposes a stress on compensatory 4,000 persons , who were supp lied with water treated
mechanisms. It is recommended that safe exposure with 1 ,300 or 2,000 Oe , revealed no complaints.
limits be initially set at lower values and consid— The findings suggest that water should be treated
ered temporary and that adequate periodic examina- with magnetic fields not stronger than 1 ,300-2 ,000 Oe
tions and constant medical surveillance be the main to avoid possible hazards.
safeguards in the prevention of health damage during
occupational exposure.

5205 EFFECT OF ELECTROMAGNETIC FIELD OF
INDUSTRIAL FREQUENCY ON THE GENERATIVE

5203 FINAL COMMENTS. (Eng.) Baranski , S.; FUNCTIO N IN RATS . (Rue.) Andr le nko , 1. G. (A. N.
Czerski , P. In: Biological Effects of Marzeev Kiev Scientific Res. Inst. General and

Microwaves. (Stroudsburg : Dowden , Hutchinson & Communal Hygiene , Kiev , USSR). Gig Sviit (6)
Ross , Inc.) pp. 188—192; 1976. (refs) 22—25; 1977. (9 refs)

Convrents and recommendations are finalized , and The effect of exposure to electromagnetic field of
the accomp lishments of several microwave bio - industrial frequency (field potential 5 kV/m) on
effects meetings , held post-writing , are discussed , the reproductive functions of 500 sexually mature
The authors conclude that much of the experimental albino rats (270 males and 230 females) was studied.
and human exposure data are incomp lete and that The animals were exposed to the electromagnetic field
m u l tidiscip line research programs are needed , for 1.5-4.5 mo and mated with intact animals at
Further studies should clarif y the primary inter- different stages of the exposure. Prolonged expo-
action of mic ,owaves with living matter , examine sure caused an increase in the time necessary for
the chain of events leading to secondary and fertilization , a reduction in the litter size (7.7—8
delayed e f fec ts , and standardize measuring methods for males and females mated after exposure for 4 .5
and techniques. The lack of conclusive data is mo, vs. 8 in the control), a reduction in the live
emphasized , and It is suggested that the bio- birt hs (85-88 per group vs. 120 in the control),
effects of lower frequency radiation may be a an increased number of stillborn rats (2.2-4.3% vs.
more serious health hazard than microwave radi - 0% in the control), a reduction of the mean weig ht
ation. The authors rev i ew the princ i pa l recom- of the neonates at birth (5.65-5.8 g vs. 6.7 g i n
mendations of the international symposium held at the control), and an increased mor ta l i t y  rate durIng
Laughbo rough University In Eng la nd (1973), of the first 21 days of life (12.— l4.7% vs. 7.6% in the
the international symposium held in Warsaw (1973) , control). Increased incidence of hematomas (espe—
and of the New York Academy of Science Conference d o l l y  of the head and spine) and of developmental
(1974) and s t ress  the need for continuing inter- anomalies (retarded g rowth of hair , defects of the
national exchange of informatIon , front legs , reduction of the number of estrous
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cycles and of norma l cycles) was observed in the through National Technical Information Services ,
offspring. Plethora of the uterus and ovaries , Spring field , VA 22161 , Document No. AD A0 39173J .
dystrophy of the ep ithe l ial cells of the secondary (11 refs)
follicles , and desquamation of the granulosa cells
from the basal membrane were found in exposed United States Air Force exposure standards for radio
females . The exposed males showed reduced number frequency (RF)/microwave radiation (10 kHz to 300
of spermatozoa (40,000,000/mI after 3.5 trio exposure GHz) are discussed. Based on the fact that r~.dia-vs. 5&,000,000/ml in the contro l , P<O.05), increased tion Insult to man is frequency dependent , perm is
percentage of dead spermatozoa (46.4 ± 4.7% vs. sib le exposure levels for Air Force personnel are
23 ± 4.6% in the control , P<0.05) and of atypical set at 50 mW/cm2 for emissions in the 10 MHz fre-
forms (39.1 ± 5.55% vs. 16.2 ± 3.7% in the control , quency range and at 10 mW/cm’ for emissions in the
P<O.Oi). The findings ind i cate the deleterious 10 MHz to 300 GHz range. These exposures can be
effect of the electromagnetic field on the repro-
ductive function and the need for a revision of the 

adjusted to allow higher power densities for expo-
sure times of 6 mm or less but the exposures can-

maximum permissible field potential in industrial not exceed the time averaged exposure levels of
environment. 3,600 mW/sec/cm2 for the 10 MHz to 300 GHz frequency

range and 18,000 mW /sec/cm 2 for the 10 kHz to 10
MHz range. An additional exposure limitation is

5206 INFLUENCE OF AN ADDITIONAL MAGNETIC FIELD that sing le pulses of RF emission to which personne l
ON HORNET NEST ARCHITECTURE. (Eng.) may be exposed shall not exceed an electric field

Kis l iuk , M. (Dept. Electronics , Sch. Eng ineering , level of 100 kV/m. With regard to biolog ic effects ,
Tel-Aviv Univ., Tel—A viv , Israel); Ishay , J. Es— studies on the effects of RF radiation on the ner-
per ’ientia 33(7): 885—88 7 ; 1977. (12 refs) vous system and human behavior are not sufficiently

conclusive to justif y changes in current RF exposure
The influence of weak (1.3 Oe) and strong (23.3 Oe) safety criteria. With regard to lenticular opaci-
additional magnetic fields on the behavior and nest ties of the eye , the bulk of experimental evid m ~nce
building activity of hornets was studied using arti- supports the position that RF radiation exposures
ficial breeding boxes , which were placed both inside greater than 100 mW/cm2 for periods longer than 1 hr
a magnetic coil where the magnetic field is uniform are required to produce lens opacification. How-
and outside the coil where the magnetic field rapid- ever , questions remain concerning possible changes
ly decreases with distance frees the coil’ s wind i ng, in the injury threshold due to intensely pulsed
Under both field strength conditions , adult hornets fields and due to the cumulative effects of frac—
died within 4-5 days without performing any build- tionated longer-term exposures. With regard to
ing. Juvenile hornets built at least one comb in cardiac pacemaker interference , about 50% of the
each breeding box , commencing in the regions of pacemakers in use now meet the 200 V/rn criterion as
high field intensity and pr ceeding in the direction recommended by the Air Force to the FDA , and essen-
of field intens ity decrease. During the first 4— 5 tially all pacemakers should be compatible with
days of exposure , the juvenile hornets were almost pulsed fields of at least 200 V/m by 1977-78.
motionless , and their building activity began 5— 7 days
after that of control hornets. Larvae did not sur-
vive the fourth or fifth instar when exposed to the
magnetic field. In an artificial breeding box pro— 5208 1976 ANNUAL REPORT: ADMINISTRATION OF THE
vided with an i nverted comb and subjected to a non- RADIATION CONTROL FOR HEALTH AND SAFETY
un i form weak magnetic field of 0.3—0.6 Oe , the ACT OF 1968 PUBLIC LAW 90-602. (Eng. ) U. S. Dept.
hornets built upwards instead of downwards , con- Health , Education , and Welfare. 93 pp.; 1977.
struct ing a stalk on the surface of the original [available through Nationa l Technical Information
comb w ith a knob-like comb on top of it. The open- Services , Springfield , VA 22161 , Document No. PB
ings of the cells were oriented in all direc tions of 265 793]. (139 refs)
the horizontal plane. The queen oviposited in the
inverted cells , and the workers attended the larvae. An annua l report is presented that covers the de-

- - As the distance of the new cells from the coil’ s tailed operation of the Bureau of Radiological
winding reached 7—8 cm , their openings gradually Hea l th’ s day-to-day administration of the Radiation
began to face downwards. Upon switching off the Contro l for Hea l th and Safety Act of 1968 for the
coil’ s current and p lacing inside the coil three calendar year 1976, There are six standards (tele-
incadescent lamps , which dissipated about 70 W of vision receivers , cold-cathode gas discharge tubes ,
heat and restored temperature of the breeding box microwave ovens , diagnostic x-ray systems , cabinet
to that of the coil-on condition , the hornets con- x-ray systems , and laser products) now in effect.
tinued to build cells whose open i ngs were gradually A total of 118 compliance actions , affecting more
oriented downwards , than 588,560 radIation producing products , were In

progress during 1976. During the year , 230 tele-
vision rece i ver models , eight major components of
x-ray systems , s ix  complete x-ray systems , and 8~5207 USAF EXPOSURE STANDARDS FOR RADIOFREQUENCY/ production or preproduction microwave ovens were

MICROWAVE HAZARDS CONTROL. (Eng.) MIt- laboratory tested. Research activities and tech-
chei l , J. C. In: AGARD Conference Proceedings Na. nologic development , particularly In the areas of
202 on Special Aspects of Aviation Occupational and calibration and tes t ing of equipment , have been
Environmental Medicine. 8 pp.; 1976. [available pursued in the fields of Ionizing radia tion , radio-
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frequency-microwave radiation , light , and ultra- geographic west-southwest (magnetic north-north east)
sound. In terms of reported accidental exposures when the horizontal component of earth’ s magne t i c
to nonionizing radiation , there were eight incid ent s field around the cage was reversed with Helmoltz
involving 73 persons exposed to ultraviolet radia- coils. When thc  v~rtica l component alone was re-
tion , one incident involving the accidental cx- versed , the same resui t was obtained. When both the
posure of two persons to microwave radiation , and horizontal and vertica l components were reversed ,
ore incident involving the exposure of one person the orientation of the birds was normal. When the
to infrared radiation , vertica l ceenpor.ent was completel y removed to produce

a f i e l d  w i t h  only hor izonta l  i i n e s  of force , the
robins were disorien tated comp letely. Experiments
with pigeons equipped with bar magnets or electro- —

5209 INFLUENCE OF EXTREMELY LOW FREQUENCY magnets have shown that under cloejy sky conditions
ELECTRIC AND MAGNETIC FIELDS UPON GROWTH the flight direction of such birds is influenced by

DEVELOPMENT AND BEHAVIOR IN DOMESTIC BIRDS . (En~i.) the magnetic field. Artificial magnetic fields
Durfee , W. K. (Dept. Anima l Science , Univ. Rhode around gull chicks have also been reported to result
Island , Kingston , RI 02881); Polk , C .; Sm i th , L. In a disruption in flight orienta tion. The cond i-
T.; Keefe , T. J.; Muthukr ishnan , S. 47 pp.; 1976 . tioning of p igeons to discriminate between the
[available through Nationa l Technical Information presence and absence of a magnetic field has also
Services , Spring field , VA 22161 , Document No. AD been reported. Night migrant bird s fly ing over the
A034526]. (5 refs) Navy ’s project Seafarer radar antennae have re-

portedi y changed al t i tude more often when the radar
The influence of continuous exposure to modulated Is on than when it is off.
extreme ly low frequency (ELF) f i e lds  of low inten-
sity on the growth and development of the chick em-
bryo , the early postnatal growth of the chick , the
subsequent growth of the sexually immature bIrd , 5211 THE NATURAL HISTORY OF ELECTRICAL INJURY.
and on the social interaction of sexually mature (Eng.) Soiem , L. (Univ. Minnesota Burn
female birds was investigated. The fields used were Center at Saint Paul-Ramsey Hosp., Saint Paul , MN
modulated between 72 and 80 Hz (76 ± 4 Hz). The 55101); Fischer , R. P.; Strate , R. 6. J Trawna
magnetic fields were maintained at intensities of 17(7): 487-492; 1977. (12 refs)
I or 8 G. The electric fields were maintained at
e ither 10 V /rn, I V /rn, 10 V /rn pIus 60 Hz , 3.5 V/rn, The natura l history of electrical injury , exclusive
or 1 V/m plus 60 Hz , 3.5 V/rn. Uniform fields at of electrical flash burns , was determ i ned in 64 pa—
identical frequencies and amp litudes were provided tients (60 males and 4 females; mean age , 28 yr)
for continuous exposure of embryos and chicks dur- treated over a 10-yr period . Three—fourths of the
ing the preincubation holding period , incubation patients were injured by electrical potentials in
and hatching periods , and during the first 28 days excess of 1 ,000 V. The mean burn area was 11% .
of brood i ng. Statistical analyses of the results There were 114 major complications in 46 pat ients.
revealed that neither the magnetic nor electric Cardiac arrhythrn ias or electrocarJl ographic abnormal-

F field had signi f icant or consistent ef fects on the i t ies  developed in 36% of the 64 patients. Neuro-
fo l lowing : hatchabil i ty  of f e r t i l e  eggs , embryo logic sequelae were observed in 16 patients and in-
survival during the most c r i t i ca l  stages of develop— volved the centra l nervous system in eight cases
ment , early posthatching growth and development , and the perip heral nervous system in eight cases,
growth and development of the sexuall y immature A Lo”aI of 19 patIents requ i red 32 amputations , with
bird , carbon dioxide production of the developing 17 i nvolving the digits , one the hand , two the foot ,
embryo , subsequent aggressiveness (as adults) of three the leg , and nine the arm . Electrica l vascu-
females exposed early in l i f e , and riematocrits of lar injury wi th  subsequent arter ial  occulsion was
birds at 14—6 wk or at 8 no of age. The f i e l ds  may responsible for many of the major amputations.
have prolonged the incubation period slightly but Cataracts developed in four patients; three of them
not enough to interfere with hatchabi lity. More were bilateral. There were two entrance wounds of
prec i se procedures are necessary to better evaluate the head and two of the arm. A l l  four pat ients sus-
the effects of exposure to these ELF fields on the tam ed high-voltage injuries. This correlation be-
length of incubation period and on the growth of tween entrance site , voltage , and subsequent cata-
chicks which have been removed from field exposure ract formation Is a conlnon observation. Early pa-
soon after hatch i ng. The ELF fields exam i ned do not tient referra l and vigorous fluid resuscitation
appear to have been detrimental 1,0 the survival or minimized rena l failure (1.5%) and mortality (3.1%).
well—be i ng of the exposed chicks. Early fasciotomy and vigorous debridement appeared

to decrease wound sepsis (8%) but had little effect
on major limb salvage.

5210 HOW BIRDS FOLLOW INVISIBLE MAPS. (Eng.)
Cherfas , J. (No affiliation given).

New 7-’ientiet 75(1063): 292—294; 1977. (0 refs) 5212 ELECTRICAL STIMULATION OF PREGANGLIONIC
NERVE INCREASES TYROSINE HYDROXYLASE ACT IV-

Evidence for magnetic sensitivity in birds is re- ITY IN SYMPATHETIC GANGLIA. (Eng.) Zigmond , R. E.
viewed. In one study where restless robins were put (Dept. Pharmacology, Harvard Med i cal Sch., 25 Shot-
i nto an octagonal ..age, the birds reversed their tuck St ., Boston , MA 02115); Ben—An . Y. Proc Nati
preferred migratory direction of north-northeast to Acod Sci 74(7): 3078—3080; 1977. (16 refs)
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The effect of synaptic stimulation on tyrosine hy— in both circular and longitudinal muscle strips , in-
droxy lase activity in the superIor cervical ganglion dicating that the muscle was still viable in propran-
of Long-Evans rats was studied. The pr cganglion ic o lol , This was probably a nonspecific effect of
cervical sympathetic trunk of anesthetized rats was proprano lol due to the high dose used, Overall , the
stimulated unilaterally with 100 iA of current at a findings suggest that the longitudinal muscle is dom-
frequency of 10 Hz and a pulse duration of 2 msec m ated by an excitatory cho liner g ic i nnervation and
for a period of 30 m m .  Beginning 48 hr later , that the circular muscle is dominated by a nonadren-
tyrosine hyd roxylase activity was 33% higher on the erg ic , noncho linergic inhibitory innervation .
stimulated than on the control side , and the enzyme
ac tivit y  remained elevated in the stimulated gang lia
for up to 96 hr after stimulation. These stimula-
tion experiments were performed in decentralized 5214 EFFECT OF MILLIMETER RADIOWAVES IN COMBINA-

animals to avoid changes in sympathetic activity re- TION WITH FTORAFUR ON THE HEMATOPO IETIC
sult ing from the anesthesia and surgery or from the SYSTEM. (Rus.) Sevast ’ianova , L. A. (No a f f i l i a -
poss ible central effects of stimulation. However , tion given) ; Potapov, S. L.; V asil’ eva , N. N.;
when rats that had not been decentralized were St im-  Krusanova , N. I.; Kubatkina , E. I.; Vi lenskaia , R. L.

ulated unilaterall y with silver wire electrodes Biol Nauki (12): 27—31; 1976. (7 refs)
p laced on the intact pregang lionic trunk , tyros i ne
hydroxy las e ac t iv i ty was 38% higher on the stimu - The effect of radiofrequency Irradiation (1 to 3

lated side than on the control side when measured irradiations , duration 1 hn , wavelength 7.1 mm ,

72 hr after stimulation. Preg anglionic stimulation intensity 2.5 mW/cm2) on the regeneration of the

at a frequency of 50 Hz was performed in freely mov- hematopoietic system following administration of
ing an imals , and tyros ine hydroxy l ase activity was ftorafur (5-fluoro-l- (tetrahydro-2—fury l )— urac il :

increased in the stimulated ganglia by an average 100 mg/kg x 1-3 or 500 mg/kg x 1 was studied
of 64% when measured 72 hr after stimulation. These in the femoral bone marrow of male hybrid mice .

resul ts show that electrical stimulation of the pre- In ftorafur-trea ted irradiated mice , the bone marrow

gang l ionic trunk for a short period in an i mals , cell coun t decreased to 90% of the inItial leve l

ei ther under anesthesia or moving treely, results in and normalized In 5 days. Without irradiation ,

a delayed increase i n tyrosine hydroxy lase activity ftorafur decreased the bone marrow cell count to

in the superior cerv ica l  gang l ion and that the en- 60% , and the count normal ized on day 10 only , W i t h

zyme activity remains eleva ted for at least 2 days. and without irradiation , the cell count normalized
in 10 days fol lowing the admInistration of three
100 mg/kg doses of ftorafur on 3 consecutive days ,
but the degree of depression was smaller in irradia-

5213 A COMPARISON OF I NTRINSIC NERVE SUPPLIES ted animals (20% vs. 35% in the control on the
OF TWO MUSCULAR LAYERS OF DUODENUM, third day). The protective effect of radIation was

(Eng.) Anuras , S. (Div. Gas troenterology, Veterans ma inly due to the accelerated regeneration of the
Admin. Hosp. , Iowa City , IA 52242); Christensen , J.; erythroblasts , reticulocytes , mature granulocytes ,
Cooke. A. R. Am J Physiol 233(1): E28—E31 ; 1977. and partl y due to the myelold ce l ls .  The Irradia—
(17 refs) tion enchanced the biosynthesis of uroporph ynmne ,

coproporphyr ine and protoponphyrine in the erythro-
Muscle strips of the duodena of opossums and cats cytes , liver , and muscles. The irradiation did not
were stimulated with 5-sec trains of 5O-70-~f d cc— prevent the toxic action of ftorafur on the lungs ,
trica l rectangular pulses at a frequency of 10 Hz liver , and Intestines.
and a pulse dura t ion of 0.5 msec. Electrica l field
stimulation caused contraction in longitudinal
strips (strips cut in the direction of the oral—
caudal axis), and this contraction was abolished by 5215 BIOLOGICAL EFFEC ~F MILLIMETER RANGE
atropine (IO-~ molar). Electrical field stimulation RADIOWAVES. (Rua.) Zaliubovsk aia , N. P.
caused relaxation of circular strips (strips cut at (Mechn i kov Kharkov Scientific Res. Inst. of Micro-
90 degrees to the oral—caudal axis); this relaxation biology, Vaccines , and Sera , Kharkov , USSR). Vrach
was abolished by tetrodotoxin (lO-~ M), but It was Delo (3) : 116—11 9; 1977 . (7 refs)
not affected by antagonists to adrenergic and cho lin—
ergic transmission nor by some gastrointestinal hor— The complex biologic effects of microwaves (wave-
mones . Reserpinization (I mg/kg for 3 days) of lengths 5—8 ass , Intensity 1 aM/cm2 , exposure 15
opossums did not affect or alter the relaxation of mm /day for 60 days) were studied in Wistar rats
circular strips or the contraction of longitudinal and CBA mice . Deformation of the receptor apparatus ,
st r ips . When c i rcu la r  muscle and long itudinal mus- pronounced react ive changes , hypertrop hy and partial
d c  strips were exposed to frequencies rang i ng from demyelinizat lon of nerve fibers were seen In the
0.1-50 Hz without chang ing the other parameters , skin. Hemodynamic disorders , changes In the per-
relaxation in circular muscle str ips appeared at meabi lity of the vascular membranes , micronecroses ,
0.8 Hz and was maximum at 8 Hz; contraction appeared and dystrophy of tissues were found In the myocar-
in long i tudinal muscle strips at 0.5 Hz and was max- dium , l iver , kidneys , and sp leen. Eosinopenla ,
Imum at 8 Hz. Althoug h propranolo l (lO ’~ M) abol- neutroph llia , lym phopenia , reduced hemog lobin level ,
ished the relaxation and contraction of cIrcular and and reduced erythrocyte count were found In the
longitudina l muscle strips , respectively, direct blood . The exposure caused disturbances in the
e lec t r i ca l  f i e ld  s t imula t ion of the muscle wIth a condItioned reflex activity. The Increased plasma
longer pulse duration (5 msec) caused contractions l7-oxycortlcosterotd level (22.62 lig/lOO ml vs.
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IL e.98 ,~j/I0O m l in the control) and ~t 32Z drop of p lates , on chemical carcinogenesis was studied in
the ascorbic acid level in i r radiated rats indicates 330 male ra ts .  The carcinogens , which were intro-
the effect of radiowaves on the hypothalanio-h ypo- duced with the magnetic plate , were 2 mg of 3,4-
physt~al-a 1rcnaI system. Increased catech olamine benzo(a)pyrene In Group 1 and polyviny l chloride
level was found in the blood , while the ep inep hri ne film In Group 2. Magnetic plates without carc i nogens
leve l was increased , and the norep i nephrine level were implanted Into control animals. The tumor
was decreased in the hypothalamus . The irradiation development progressed throug h the same stages with
caused 614~ inhibition of the phosphory lation and without the magnetic field. However , the magnetic
processes in the liver and kidneys. Reduced nucleic field increased the average latency of the tumors
acid levels and reduction of ~“C-thym Idine incorpora- (sarcomas) from 3 no 2 wk to 4 no 2 wk in Group 1
tion in DNA and of 14 C-uridi n e incorporation in (P<O.Ol) and from 12 mm to 13.5 mo in Group 2
RNA were observed in the l i ve r , sp leen , kIdneys , (P<O.05) . Regardless of exposure , the minimal
and l ungs. Irradiation caused a reduction of the latency tIme was 2 mm 3 wk in Group 1 and 7 mm in
serum albumin level and an increase in the globulIn Group 2. The magnetic f ie ld  caused an increase in
level. Similar biochemical changes were found in the growth rate of tne sarcoma : the tumor-somatic
97 workers exposed to microwave radiat ion, coef f ic ient  rose from 2% to 5.2% (P<o .05) in Group I

and from 8.28% to 11.5% in Group 2 (P<0.05) . The
incidence of less differentiated (polymorp hoce lluiar)
sarcomas was 50% in Group 1 vs. 29.4% in the control

5216 INFLUENCE OF STATIC AND LOW FREQUENCY and 19.5% in Group 2 vs. 9.5% in the control. The
MAGNETIC FIELD ON BEHAVIORAL AND VEGETATIVE overal l  tumor incidence was 84% In Group 1 compared

REACTIONS OF HUMAN OPERATOR. (Rue.) Medvedev , H. with 93.3% in the control and 27% in Group 2 vs.
A. (Chair of Normal Physiology , Medical Inst., 28.4-34% in the control. The peroxide-free radica l
Tomsk , USSR) ; Urazaev , A. M .; Kulakov , lu. A. Zh type lip id oxidation was potentiated by the magnetic
V~jss’. Werv Ds~at 26(6): 1131-1136; ~976. (28 refs) field at all stages of the precancerous period .

This action fac i l i ta tes  the accumulation of l ip id
The influence of direct current (dc) and alternating peroxIde compounds and free radicals, which are
current (ad) (50 Hz) magnetic fields (tension known to have mutagenic and carcinogenic effects .
8,00o A/rn on the head) on behavioral and vegetative
reactions was studied in 68 practically health y men
aged 19-26 yr. The test persons were required to
push a button upon randoml y repeated signals , and 5218 STREPTOMYCIN RESORPTION FROM THE PLEURA
various physiologic parameters were measured along UNDER THE EFFECT OF INDUCTOTHERMY CURRENTS .
w i t h  the reaction t ime,  Without i r radiat ion , (Ukr.) Popova, A. M. (Dept. Pathophysiology and
significant increase was observed in the length Biophysics , Odessa Agronomlc Inst ., Odessa, USSR);
of respiratory cycles in 18 men , signi f icant  reduc- Fa itel ’berg-Blank , V. R. Fiziol Zh 22(4): 5146-
tion in 22 men (P<O.05 in each case). The period 548; 1976. (16 refs)
of cardiac contractions increased in 20 and decreased
In 2 5 indiv iduals,  The skin resistance Increased The influence of inductothermy (electromagnetic
in 13 and decreased in 32 individuals. In dc field , field wi th  anode currents of 120—2 80 n~~, frequency
the length of the respiratory cycle increased in 13.56 MHz , length of exposure 10—20 m m )  on the
40 individuals , decreased in 14. The length of the resorptIon of streptomycin (2.25 W cu ni es/ IOO 9)
cardiac con tractions increased significantl y in from the pleural cavity Into the blood , lIver ,
45, decreased in 15. The skin resistance Increased kidneys , spleen , and lungs was studied in Wistar
in 39, decreased in 13 men. In the ac f ie ld , rats. The percentages of radioactivity found In
the length of the resp iratory cycle increased In the blood (after 30 mln) , liver , kidneys , cp leen,
10; the length of the cardiac contractions increased and l ungs (10 mm after Injection) were 13.74%,
in 12; the skin resistance increased in 9 cases; 13.4 3 % , 12.18% , 10.45% , and 11.70% , respect Ively.
while the length of the respiratory cycle decreased Under the influence of inductothermy (120 mA ,
in 4o~ the length of the cardiac contractions dcc- 20 m m ) ,  the corresponding percentages measured
reased in 46; and the skin resistance decreased after 10 mm were 16.45%, 20.01%, 20.05%, 10.92% ,
in 50 individuals. DC magnetic f ie ld intensi f ied the and 24 .61%. The corresponding percentage were
sympathetic reaction in compensating the effect of 19.6% , 22,27 %, 28.55 % , 15. 12 %, and 33.01% after
the magnetic field and the vegetative back-up of exposure to a field of 200 mA for 10 m m .  After
the conditioned reflex activity , while the ac field exposure to a field of 280 mA for 10 mm , 19.77%
had a contrary effect. of the radioactivity was found In the liver , 33.24~

in the kidneys , 13.59% In the spleen , and 35.58%
In the lungs. The findings indicate that inducto-
thermy Increases the rate of resorption of strepto-

5217 MECHANISMS OF THE EFFECT OF STATIONARY mycin from the p leura l cavity.
MAGNETIC FIELD ON INDUCED CARCINO GENES IS.

(Rz~t.) Kogan , A. Kh . (Dept. Pathophysiology ,
I. M. Sechenov F i r s t  Moscow Med i cal I n s t . ,  Moscow ,
USSR); Ku litskaia , V.  I. Pa tol Fiziol E1<~~ Tsr 5219 BIOLOG ICAL EFFECTS OF ELECTROMAGNETIC
(2): 63-68; 1977. (38 refs) 

. 
FIELD S. (Eng.) Royal SwedIsh Academy of

Engineering Sciences . (Stockholm: Royal Swedish
The effect of a stationary magnetic field (350 ± 30 Academy of Engineering ScIences): 160 pp.; 1976.
Oe), induced by subcutaneous l y implanted magnetic (196 refs)
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Studies on electromagnetic radiation sources and 45 pp.; 1976. lavailable through Nationa l Technical
fields , their biological effects , and techniques Information Services , Spring field , VA 22161 , Docu-
for ne~”~~rin q such sources and effects are reported. ment No. AD AO275131. (16 refs)
The investigations cover the frequency range of
0-300 6Hz and include microwaves , radiowaves , power- The results of a study on the long-term biolog ic
frequency electric and magnetic fie lds , and static impact of the Navy ’s SANGUINE and SEAFARER projects
electric and magnetic fie lds. The investigations for develop ing an extremel y low frequency (ELF) low
cover sources of natura l and artificial electro- energy communications system at the Wisconsin Test
magnetic fields ; biologic effects in man and ani- Facility are presented. The studies involve popu-
mals , including particular effects on biologic or- lat lon analyses of soil arthropod s and a flora l
gans ; techniques for measuring nondisturbed and survey of nine exposed and six control p lots. Since
disturbed electromagnetic fields ; and safety as- March 1971 , the test facility has been operated at
pects. Examples of biologic effects over the above an antenna current of 300 A , using either a north-
frequency range include: changes in cell division south or east-west antenna or both antennas simul-
frequency in the bone marrow and liver , light sen- taneously. The operating schedule has been roughly
sation caused by electric or variable magnetic 5 days/wk , 6 hr/day , at 42 or 45 and 75 or 76 Hz,
fields , the stimulation of nerve-muscle prepara ”ions Some experiments have been performed for continuous
in magnetic fields , the influence of pulse-modulated wave operation , and others have been performed with
microwave fields on heart frequency, the occurrence low chip modulation (roughly 16 Hz). Comparisons
of sound sensations in intense radar fields , be- with floral surveys taken 3 or 14 yr earlier suggest
havioral disturbances in experimental animals cx- norma l vegetational changes and succession in ex-
posed to high frequency electromagnetic fields , and posed p lots. After 6 yr of exposure to nonionizing
eye lens turbidity resulting from long-term exposure ELF radiation , the ratio of Cryptosti~ntata to Col—
to microwaves. It is suggested that additional re- lembola in the original Hazieton test p lot is almost
search is needed in the development of measurement exactly the same as in 1969 before the test facility
techniques , with particular reference to the calcu- was energ i zed. Since 1972, the average annual pro-
lation and measurement of the distrIbution of d cc- duction of C’ollembola in the Main test and contro l
tric and magnetic fields around a human body. An subplots has been practically the same: 1 ,488 in
inventory o~ radiation sources is recocenended as the former and 1 ,432 in the latter. The above and
background for ep i demiologic field studies , other data do not support the hypothesis that low—

level nonionizing ELF fields have had a demonstrable
impact on populations of soil arthropods and sur-
rounding flora after 6 yr of exposure.

5220 THE CARDIOVASCULAR SYSTEM OF MAN UNDER
THE EFFECT OF SUPER-HIGH FREQUENCY

ELECTROMAGNETIC FIELDS . (Pus.) Medvedev , V. P .
(S. H. Kirov Inst. Postgraduate Medical StudIes , 5222 ON THE EFFECT OF FREQUENCY IN ELECTRO-
Leningrad , USSR) . Gig Tr Prof Zabol (1): 18-22; MAGN ETI C INTERACTIONS WIT H BIOL OGI CAL
1977. (35 refs) SYSTEMS. (Eng.) Wayland , J, R. (Sandia Lab., Al-

buquerque , NM 87115). 12 pp.; 1976. (5 refs)Studies and observations on the effects of super-
hi gh frequency electromagnetic fields on the cardlo- An equation is derived for predicting the effect of
vascular system of occupationall y exposed personnel frequency on reaction rate in biologic systems using
are reviewed , Hypotension has been observed in the theory of absolute reaction rates. However , a
6-61% of the subjects examined by various authors , lack of measurements of the dielectric constant
but hypertension has also occurred in 5.8 29%. over large frequency ranges presents a problem of
Changes in the electrocardiogram were found in finding suitable biologic systems to which to app ly
16—95% . Brad ycard la , tachycardia , sinus arrhythmia , the derived equation . As an illustrative example ,
prolonged intraatria l and intraventricu lar conduc- yellow birch is considered in the presence of only
tion , a few cases of atrioventricular block , an electric field. The example clearly shows that
atherosclerosis of the coronary arteries , hypo- changes in reaction rate of the order of 400 times
dynamia cordis , increase of the systolic and minute can occur for biologic materials with similar d i—
volume , increase or decrease of the vascular tonus electric constants.
and of the perip hera l resistance , neurocirculatory
dystonia , dystrophy of the myocardium , and coronary
insufficiency were observed under super—hig h
frequency electromagnetic fields, Most of these 5223 RADIOFREQUENCY RADIAT I ON DOSIMETRY HAND-
changes became aggravated with increasing length BOOK. (Eng.) Johnson , C. C. (Dept. Bio-
of serv i ce and are characterized by slight revers- engineering, Univ. Utah , Salt Lake City, UT 84112) ;
ibi l ity . Durney, C. H.; Barber , P. W .; Massoudi , H.; Allen ,

S. J . ;  Mitchell , J. C. 128 pp.; 1976. tavai lable
through National Technical Information Services ,

5221 SANGUINE/SEAFARER EXTREMELY LOW FREQUENCY Sprlng fi~~ld , VA 22161 , Document No. AD A030874J .

ELECTROMAGNETIC FIELDS: EFFECT OF LONG— (17 refs)

TERM EXPOSURE ON SOIL ARTHROPODS IN NATURE . (Eng.)
Greenberg, B. (Dept. Biological Sciences , Univ. A radlofrequency radiation dosimetry handbook is
Illinois at Chicago Circle , Chicago , IL 60680). presented , wh i ch g ives the best estimates of the
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calculated dos i metry for human and anim a l models first resonance for human models by extended bound-
over a relatively wide frequency range (10-2 to ary condition method , and at the upper frequency
I0~ MHZ).  The primary purpose of the document Is l imits by geometrIc optics approx i mation. All of
to enable the user to estimate the specific absorbed the specific absorbed power data are for planewave
power in man at a given frequency as a function of IrradiatIon in free space wi th an incident power
the incident power density and to make correspond- density of I mW/cm2. Calculated dosImetric data
ing calculations for experimental animal s so that for the average specific absorbed power of humans
animal experimental data can be extrapolated to and various animal s irradiated by p lanewaves in
hazard implications for humans. Specific absorbed free space are presented graphI cally and are calcu-
power calculations are made at low frequencies by lated from both prolate spheroidal and ellipsoida l
a perturbat ion method , at frequencies up to the models for the standard po la r I za t i ons .

47

_______ ________ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-

~~~~~~~~~~

AUTHORS OF CURRENT LIT ERATURE INDEX

I E nIry r,u,nhe, $oIIc,w.,cj Ily dli isS’: isk ,lti, i i’ ’ l i i i  y , i i i t l i i i t s j

AK HTAR , M. BRENT , R. L. DUYS[NS , L.Pl.M .
05 115 05129 05109

AL—BADWA IHY , K . BRIPIKMAPI , J . EDRICH , J.
05 17 1*  05136 05 135 1’ , 05 144

ALB IRT I , S. BURUETTE , E ,C . EFFERT , S.
05 106* O5 l70~ O5 I94~1

ALLEN , S.J.  CAIN , F.L. ELDER , J .A .
05124 , 05223 05170 05153

AND RIANOVA , L.A. CALDERWOOD , S.K. FAITEL’ BERG—BLANK , V .R.
05 163 1’. 05 142 052 18

ANDRIENKO , L.G.  CARPENTER , 0.0. FERRIS , B.C.
O52O5 1~ 05185 05 153*

ANTIMON II , G ,D. CARTER , R.F. FER RY , N.
05 193 05 112 05 192

ANURAS , S. CATRAVAS , G.N. FISCHER , R. P.
052 13* 05 121 , O5 l37 ’~ 052 11

AR BER , S.L. CETAS , T .C. FLANIGAN , W .F.
05189* 05 141* , 05116*

ARTSRUN I , G .G .  CHAMNESS , A .F . FOSTER , K. R.
05108 05 124 05 176 , 05185*

BAKER , R.J. CHERFAS , J. FOWERAKER , A. R ,
05 175* 052 10 11 05150*

BANKO S KE , J.W. CHEU NG , A .L.  FRAZER , J .W.
05139 05 143* 05124*

BARANSKI , S. CHEUN C , A .Y .  GA BOVICH , R.D.
05197* , 05 198* , O5 l99i~ 05169* 05164
05200* , 05201* , 0520211 CHRISTENSEN , J. GEITH MA N , G.A .
05203* 052 13 05128

BARBER , P.W. CLEARY , S. F. GEVORK IAN , P1. 1.
05223 051 19* 05108

BATTISTA , S. COOK , R. GLI CK , H. A .
05166 05153 05146

BAYER , A. COOKE , A.R . GOLDSTEIN , A.
05136 05213 05143

BEAL , J.C. CZERSK I , P. GR’1N11 , A.
05165 05197, 05198, 05199 , 05192*

BEN-ARI , Y . 05200 , 05201 , 05202 , G1IA VES , H .B.
05212 05203 05139

BE RNARD , D.L. D’A PIBROSIO , C. GREENBERG , B.
05132 05172* 05221*

BERNARDI , P. DAMATO, A JI. GREISER , J .W .
O5 I55 i~ 05 115 05174

BERTEAUD , A .J.  D EFIC IS , A. GRIFFEN , D. W .
05133* 05173* 05134*

BIDINGER , J.M. DENISOVA , E.A. HAFIZ , S.A .
05185 05118 05171

BIGU—DEL-BLANCO , J. DETWILER , R.E. HAHN , E.W.
05147*, 05165* 05124 05182

BLIOT , F. DICKSO n , J.A . HAHN , G.M .
05130 05142* , 05187* 05120

BLOC K , J.B. DJOKOVIC , V. HAHN , N.
05166* 051 11 05120

BOGUCKA , A. DJORDJEV IC , Z. HARDINGHAM , T.E.
O5 I54 i~ 0511 1* 05150

BONDARYENKO , S .l. DROUIN , B. HARTZELL , n.H.
0) 148 05192 051214

BOOKMAN , M.A . DRUCKNANN , S. HAWKINS , S.F.
05114* 05161 05131*

BOOTZ , A. DU CHARLAT , G. HAWKINS , T.D.
05 136 05192 05127

BOWMAN , R. R. DURF EE , W .K. HILLIER , T. M.
05116 05209* 05112

BRANNEN , J.P. OURNEY , C.H. HIROS E , F.
05181 05223 05166

l49 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~ —-~~‘ ——- —

l i l u / l ..iJli .1 L l l t~ ~ 
i f  Nui i ionwi i ig I /ee ron dgflPre

AUTHOR INDEX /?, i i / idt i ,i 11(2), DecullIlief 1911

HO , H.S. KUBATK INA , E .l . MERRITT , J .H.
05 I79 1~ 052)4 05124

HOFF , A . J .  KUK S I N S K I I , V . E. PI I KHA ILOV , 11.1.
05109 ’ 05162 05 188

HO LT , J .A .G .  KUL’SK II , L.A. M ILLS , W . A .
OsI6G~ 05195 05153

HORVATH , S.M. KULAKOV , IU.A . IIITCHELL , J.C.
05153 05216 05207’ , 05223

HUET , C, KULI TSKAIA , V . 1 .  MOAN , J .
05180 05217 O5l83~

ISHAY , J. LA MANNA , V. MOORE , F.R .
05206 05)72 0512611

I SLES , N. LAMOLA , A. MOREL , C.
05 150 05 153 05192

ISMAILO V , E.SI1. LAZAREVIC , N. MORR IS , N .E.
05178* 05111 05181

JACOBSON , F .H. LEBOV ITZ , R.M. MOSCHETTO , Y .
O5l84~ 05)22* 05130

JAS I EWICZ , tl.L. LEEDS , C.J . MUIR , H .
05142 05115* 05150

JENNINGS , U .R . LENOIR—ROUSSEAUX , J.J . MULYNDI NA , G . l .
05150 05180 05107

JENSH , R.P , LEROY , Y . PIUTHUKR I SHPJAN , S.
05 12 9* 05130 05209

JOHNSON , C. C. LIN , J.C. MUZYCHUK , N.T.
05138* , 0522311 05152* 05195*

JONES , D.J. LOTT , J.R. NI KO NOVA , K.V.
05158* 05167* 05118

JUSTESEN , D.R. LOWELL , W.R. NISCE , L.Z.
05151* 05116 05182

K.ALLUZHNYI , V.F. LUOBROOK , J. NORDBERG , A.
05188* 05112 05160*

KANE , L. LUDLOW , J. OL I VA , S.A.
05175 05129 05121*

KANTOR , C. LVOVSKAYA , E.tI. OLSEN , R.G.
05174* 05118 05128*

KATZ , J.B. MACIN , ILL. OSCAR , K.J.
05137 05170 05127*

KEEFE , T.J. MAI-ILUM , D.D. OTTOLENGHI , P1.
05209 05191 ’ 05161

KIM , J.H. MAMOUNI , A. PATEL , B.M.
05 1 82* 05130* 051 ) 0

KINOS I TA , K. MARMOR , J.B. PATERSON , D.C.
05113* , 05186* 05 120* 051 )2 *

KISLIUK , H. MASSOUD I, H. PETERSON , M.D.
05206* 05223 05132

KLEMM , J. MATSKEV ICH , U.S. PHILLIPS , T.L .
05149* 05195 05175

KNIERIEM , K, M. MAXWELL , G.M. POLK , C.
05123* , 05157* 05112 05209

KOBE , L. tIC MANAWAY , M. POLLAK , M.
05175 05179 05146*

KOGAN , A .KH. MCCULLOCH , D. POPOVA , A.M.
05217* 05169 05218*

KORENSTE IN , R. MCKEE , G.W. POPOVICH , V .M.
05161 05139 05164

KORNBERG , H.A. MCLELLPIN , T. POTA POV , S.L.
05139* 05124 05214

KOZ IAR IN , I.P. MEDINA , M .A , PRIOU , A.
05164* 05123, 05131 , 05157 05173

KR ITIKOS , H.N, MEDVEDEV, M .A. PURDY , J.A.
05176* 05216* 05132

KRUSAN OV A , N. l .  MEDVE DEV , V. P. RADEMPIKER , H.
05214 05220* 05109

50

~ 

_ _



________

B,o/oy,nca/ Effects of Nomoniv~:g L ici, uonlag, le t /c
R.icliat,o,’ 11(2/ , December 1977 AUTHOR INDEX

RATLIFF , J.A. STAVINOHA , W .B. YAMAURA , I.
05124 05123, 05 131 , O51’13, O5l77~REITE , P1. 05157, 05158 YURCHENKO , G.G.
05144* STIMMER, H. 05148

ROBINSON , J.E. 05117* ZALIUBOVSKAIA , H.P.
05169 STORER , J.B. 05215*

ROMERO-SIERRA , C. 05153 ZIGMOND , R.E.
05147 STRATE , R.G. 05212*

RUDDER , T. 05211 ZIM)IERIIAN , J.
05129 SUDAKOV , K.V. 05144

RUSIAEV , V.F. 05193* ZIMMERMAN , J.E.
05107*, 05162* TABET , ft. 05144

SADCHIKOVA , M.N. 05)92
051 18* TAKENAGA , J.

SAFONOVA , T.S. 05137
05148 TCIIAO , Y.H .

SA!IARAS , G.M. O5l8O~’
05169 TOKITA , P1 .

SAVAGE , J.P. 05182
05112 TOLER , J.C.

SCHAEFER , H. 05170
05196* TOVMAS IAN , U.S.

SCHNEITER , A. 05108*
05165 TSONG , T.Y.

SCHRADER , D.H. 05113, 05186
05110* , 05128 TSUTSAEVA , A.A.

SCHWAN , H.P. 051148
05176 TSYPLAKOVA , G.V.

SEALS , J, 05204*
05170 TYLER , P.E.

SEAMAN , R.L. 05156*, 05159
05122 URAZAEV , A .M .

SEPIVANTIE , 8. 05216
05159* VAN GRONDELLE , R.

SEVAST ’ IA NOVA , L.A . 05109
052114* VAS IL ’EVA , N.H.

SHAH , S.A. 052114
05187 VILENS KAIA , R.L .

SHEFTEL’ , I .E. O52l~4
05162 VOGEL , W.H.

SNERIIET , V.1. 05129
051 48 VON G IERKE , N.E.

SHINAR , ft. 05153
0516 1* VO RO B’EVA , A.t1.

SILNY , J. 05195
05196 VYORKIN , B.I.

SMIRNOVA , NJ’. 05148*
05163 WAGGOTT , D.

SMITH , G.H. 05187
05167 WALSH , P.

SMITH , L.T. 05153
05209 WAYLAND , J.R.

SMITH , V. 05181* , 05222*
05175 WEINBERG , I.

SMYTH , C.J. 05129
05135 WHALLEY , 14.8.

SNEGOVA , G.V. 05140*, 05187
05118 WHITMIRE , D.P.

SOLDATOVA , V.A . 05132*
05118 WITTERS , D.M.

SOLEM , L. 05174
05211* WITTKE , C.

SOSNICKY , A.P. 05136*
05125*

SI

~~~~~~~~~~~~~~~~~—~~~-~~~~~~~~~~~~~~ -~~~~~~~~~ -- -~~~~~~~~ ‘-~~~~~ —--~~-~~~~~‘±~~~~~~ --~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



Unclass i f i ed
s ( I, —.‘— ‘ Ii. .,~

DOCUMINI’ CONTROL D A T A .  R & 0
~.. , , r i.. , t ,t,. .,t,OiI o I i l l / i  ~. , , l i  ~ l . i l .— ~ t, . ,  I ~‘ l l  ~~~~~~~~~ ‘l’ ~ l l!& i ’ I - -  ‘~I * i l P ~~fl 1 ~~~~~~~ ~ ~~‘l l  t~’i~~iV I ?..b I*St•C d)

o’. ..‘‘s a ’-..c, *c  - v  • ( ‘ ,,q,,.,.,,e , . . , ? t . , , , ‘ ‘• • e . I . i ~~~.’ S. C .. ‘ I C . L S % ’ .  IC .  110’ .

Frank lin Institute Research Laboratories ,’ Unclas sIfied
Science Informat ion Service s , Biomed ical Resources ‘~~~~~“ 

— —  _______________

Philadelphi a , Pa. 19103 
__________

_____ 
_ _

_ _  ~ IIfi~~1t;:
’ 

~~~~~ uaj J..a.4.Zw.. ‘~.S.. u4 cLu~.Lcc.J.va 4.a.—~ - - * —  _~~~~~. ~~~~~~~~~~~~ - - —

“Quarterl y Kep*~~~~Sep 1,j  .~~-Dec~~~ —g7741’~S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~_ .._ .

~~ ~~~ ruce H ./Kleins tei n i ’
~~h . D . , J.D. , Project Manager

Elena P./Saboe , ~~ ct ion Manager , Editor

— ~~ 
Ye . T O l A L  NO 0’ r~~ ’~ r iio or .,trs

Dec -
~~77 / t i ~ .i4__L 51 1 _________________

Ia. c.m-tn- --u— —~~ ~~~~~~~ NO ,,,___. _,_, •,[ Sa. O R I G I N A T O M I. un - ‘ - v ..a’.’n, u S )

TP-7AC024 Vo lume I I , Number 2
5. P R o J E c T  N~~ / 1/ ‘

~~
‘
~

8oG-c4735-ol ~_ij /
~-i 1” i C 9— 7 1

~)~ ç%.~i~ — _________________________  

‘ ‘  ‘
~~
‘ 91’ 0 T P.C.,  Fit Poll I P o i s I (Ar ,y orSer ,,un,b.,, Thai may be a, s ig ned

lh,u FepOIi)

a-

~O O I S T R I B U T I O P .  5,’ A rFp.s~~~NT

Previous issues -of the digest can be obtained from the National Technica l Information
Service (NTIS), Spring fie ld , Virginia 22151. The accession numbers for these issues
are noted below .

I t  ,,.PPL EMFII . A W 1  ‘.‘JYi S 
— — 

t~~~~5F’op .SORIvJG ,. L I T A u ,  Acl’ ’ . t ,

U.S . Navy 
~~~~~~~~~

,a •,~~s 1 i~ A c 1  
-
~~ 

— 
,,~~

_ —‘— - _ “

-~ Thi s quarterly digest presents current awareness information
on the biolog ical effects of non i oni zing electromagnetic radiation
(microwave and radiofrequency) in the range of 0 Hz to 100 GHz.
The effects of magnetic and electri c fields (static and alternating)
are also covered. Each issue contain s abstracts of English and
foreign current literature , summaries of ongoing research investj-
gat ions , news i tems , and a directory of meet i ngs and conferences.~~.,
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